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PEEFACE.

In a science like Comparative Anatomy, based as it is upon

observation, much of tbe accuracy with which the eye sees

and the mind judges of its facts, must necessarily depend on

the means employed in displaying the diversified and often

complex structures which compose the bodies of Animals.

A knowledge, therefore, of these means, or in other words, of

the whole art of dissection^ is a matter of so much importance

that its acquisition has always been held of the highest con-

sequence to the student, for whose guidance Anatomical In-

structors have from time to time been published. Almost the

only available work of this kind, in our language, is that of

Pole, the last edition of which appeared in the year 1813, and

is now out of print. The science of Minute Anatomy, however,

aided by the recent improvements which have been made in

the construction of the microscope as an instrument of re-

search, is the creation of the present day ; and the work
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referred to, tliough well adapted to the time at which it ap-

peared, is now in many respects useless to the inquirer in the

wide and interesting fields of Comparative and Structural

Anatomy.

The want of some guide in these researches having been

long felt by the writers of the following pages, and it is

presumed by others also engaged in similar pursuits, they

were happy to meet with such a one in the excellent " Traite

Pratique et Theorique d'Anatomie Comparative" of M. Straus-

Durckheim (Paris, i842), and the idea at the same time sug-

gested itself that they should avail themselves of the extensive

zootomical experience of that author to supply the above

deficiency in this country. With this view they have fol-

lowed his plan more or less closely in the First and Third

Parts, condensing and translating his matter every where,

and making such additions and alterations as they held to be

needful, while the whole of the Second Part has been written

anew. They would fain hope that they have thus produced a

work, which will be found useful in smoothing the way to

students entering upon the studies of Comparative Anatomy

and Physiology.

Parts I and II, prepared by Arthur Henfrey, treat of

Mechanical Arrangements and the Microscope.

Part III, by Alfred Tulk, contains directions for Dis-

secting and Preserving the several systems of organs.



In addition to the treatise before mentioned, the following

works have heen consulted :

—

Directions for Collecting and Preserving Animals.

Royal College of Surgeons, London.

Knox's Anatomist's Instructor, 1836.

Lautli—Nouveau Manuel d'Anatomiste, Paris, 1829.

Mandl—Traite Pratique du Microscope, Paris, 1839.

Owen's Lectures on the Invertebrated Animals, 1843.

Penny Cyclopcedia—Article, Microscope.

Pole's Anatomical Instructor, 1813.

Todd and Bowman's Physiological Anatomy, Part I

In conclusion, the Authors have to express their thanks to

Prof. Edward Forbes and Dr. GuiFii-iTH for their articles

appended to this work ; as also to Dr. Willis, for allowing

them to avail themselves of the extracts from Prof. Wagner's

Physiology.

THE AUTHORS.

London, Der. 1843.
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CHAPTEE I.

APARTMENTS, &c.

SECT. I.—DissECTiiYG Rooms, &c.

1. Animals may be divided in relation to the methods

employed for their dissection, according to their size,

into four classes, namely, very large animals, such as the

horse, the ox, and creatures above that size ; those of

ordinary dimensions, as man, the small Ruminants, &c. ;

moderately small species, as the cat, rabbit, and most

birds ; and, lastly, those minute objects which require

the aid of magnifying instruments in their investigation.

The first two of these classes, from their great bulk, the

mass of ofFal, and the putrid vapours to which they give

rise, will obviously need a separate apartment distinct

from the private study of the anatomist ; while it is in

the latter, that the third, and more especially the last

class of objects, in dissecting which the microscope and

other delicate contrivances must be used, may be most

conveniently examined.

2. The rooms or halls appropriated to the dissection

of very large animals, as is the case in veterinary schools,

should be situated upon the ground floor, and should

open externally by a gate, so that any huge carcase,

B 2
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even that of an elephant, may be brought in upon a

waggon. They should be so exposed as to be free from

damp ; paved, and well drained, perfectly lighted by a

number of windows, either from above or on both sides,

and rather lofty, to allow the gaseous vapours to ascend

above the heads of those dissecting, and escape by means

of tourniquet ventilators, placed near the top of each

window.

The extent of the hall, taking a certain number of

animals to be dissected at once, may be thus calculated

:

the body of a large ruminant occupies with its plat-

form a square space of nearly 9 feet, and the table for

preparing its voluminous organs upon, about 7^ feet;

so if three platforms be arranged in a row down one

side, and four tables along the other, the length of the

room would be 30 feet, and the width 18 feet. Dur-

ing winter, two or more stoves, provided with coppers

for heating water or injections, may be placed in the

middle of the apartment, so as to distribute the warmth

equally throughout.

The moveable articles, which a large hall like the

above should contain, are some cupboards with shelves,

at each end, some platforms, tables, and wooden chairs

;

with sundry others, such as diagram boards, drawing

frames, and disinfecting apparatus.

3. Large animals are usually dissected in the veteri-

nary schools upon the ground, or on the vehicles in

which they have been brought ; but the greatest incon-

venience is thereby felt, from the inability to turn diffe-

rent parts to the light. This, however, may be remedied

by the use of platforms, of sufficient size to support a
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horse, or ox ; the opportunities of dissecting larger sub-

jects, such as elephants and rhinoceroses, being too rare

to call for any special contrivance of the kind. These

platforms (fig. 1) should consist of a horizontal piece of

timber 8 feet 4 inches long, by 3 feet wide, and 1 6 inches

from the surface of the ground,

covered with a layer of small planks

,

and slightly inclined towards one

end, with a gutter in the middle to

facilitate the escape of fluid, by a

hole at A, to which a tube is at-

tached. The wood work or base

of the platform has the form of an

X, the main beam (B C), from 7 to

8 inches wide being placed dia-

gonally across, while two others of

equal strength (D E, F G), are simi-

larly disposed, but do not join in the centre, to avoid

weakening the principal stay, upon which the platform

is to revolve by a pivot fixed into the floor, and penetra-

ting the plank B C at O. More slender stays (H I J K),

unite these diagonal branches, and beneath the extremi-

ties of the latter are perpendicular iron castors, about

7 inches in diameter, to assist the rotatory motion of the

platform. Two of these are rather shorter than the

others, to give the platform a gentle slope towards the

drainage opening (A). If the subject be too large for the

platform, its surface can be increased by placing the

head, with part of the neck, upon a plank thrust under

the body.

4. The dissecting tables should form a row opposite
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the platforms, at a yard distance from the wall, and

with a space of 2\ yards between their centres. They
should be somewhat less than those ordinarily used in

dissecting rooms ; about 1 yard long by |- wide, as

bodies only of middling size, as those of a sheep or

goat, or fragments of large animals, are dissected upon

them. Above each platform and table a rope with pul-

lies should be attached to the ceiling.

5. The same general principles of construction will

apply to ordinary dissecting rooms, as to the large halls.

The best kind of dissecting table is made in the form of

a slightly concave platform covered with lead or zinc,

turning upon its centre, which should rest upon a

round table, with its four legs fastened to the floor.

The apartment is to be heated, like the preceding, by

means of stoves, in number proportionate to its extent.

6. The study of the anatomist, is the place in which

the latter engages in the dissection of animals of mode-

rately small size, and those below it ; it serves also for

other kinds of work, such as microscopic observations,

drawing, and the preparation of books for the press.

This apartment should differ therefore considerably from

the dissecting rooms spoken of above. It ought to

have a south aspect, that the objects under dissection

may be directly illuminated by the sun ; the window

should be without embrasure, so that the table may be

placed quite against the glass. Each side of the window

should be furnished within with a white and thick

calico blind, to prevent the passage of a glaring light,

where objectionable. These blinds will cover with their

shadow the whole dissecting table, with the exception



of the spot where the specimen is, upon which re-

searches are being made; and as the stream of light

which passes beneath them is, usually, still too large, it

may be diminished by means of screens, placed either

upon the table, or against the window, and which are

adjusted one behind the other according as is necessary,

so as to allow only of a sufficient ray of light imping-

ing upon the object, whilst all the rest of the table

is in shadow ; this admits of the drawing or writing

paper being so placed, that the light which falls upon

it does not affect the eyes. Coloured, and especially

green, blinds might have the advantage of relieving the

sight, by shedding a softened tint upon all the objects

placed upon the table ; and this would be very impor-

tant to the observer, who often fatigues his eyes con-

siderably in the examination of minute animals, or in

making microscopic observations ; but these tints, com-

municating also to the paper on which he draws a

particular colour, injure the effect of the designs, to a

great degree, when vicM^ed afterwards by a white light.

7. Above the middle of the dissecting table there

should be fixed to the ceiling an iron hook, to which

different objects, and especially the injectory, which

will be described further on, may be suspended. The

study of the anatomist, serving at once as a laboratory

and an ordinary dwelling, contains a greater number of

moveables than the dissecting rooms, as well as part of

his library, and many other objects subservient to his

researches, such as a lamp, drawing table, &c.

8. As it is generally admitted for the facility of

work, that objects to be drawn, or the microscope.
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should be lighted from the left, the dissecting table

should be so placed against the window as to receive

the light from that side. A convenient size for this

table will be, for example, 3 feet long by 2 feet wide.

As to height, it must vary according to that of the

person who makes use of it, and should be such, that

when seated, the microscope can be easily looked through,

with the hands resting comfortably upon the stage, in

the ordinary position of dissection, a condition quite

essential in prosecuting anatomical researches with this

instrument.

SECT. II.—Workshops, &c.

9. Macerating Room.—In every large establishment,

where many skeletons are prepared, it is necessary to

have a separate place for macerating bones. This may
be some cellar, chamber, or a simple shed ; but care

must be taken that it is not so exposed to the sun, that

the latter strikes upon the macerating troughs ; a dark

situation, therefore, is the best, but not a cool one, lest

putrefaction be retarded. These conditions, so essen-

tial to a macerating locality, are required to prevent

green matter or mould from developing itself in the

troughs, more especially the former, which attaches

itself to the bones at the bottom of the water, incrusts

them, and imparts a black or yellow tint, which can

never be got rid of. This happens when the trough is

exposed to the open air, and chiefly to the sun : even
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when there is no production of green matter, the flesh

itself turns brown and tinges the bones.

The moveables in the places of maceration are simply

some troughs, in which bones are macerated, and pails

for conveying water.

10. Troughs.—These are cylindrical vessels of all

dimensions, the large size in wood, the middling in

earthenware, and the smallest in glass. The wooden

ones should be of deal, ash, or any other timber which

does not lose colour ; not of oak or walnut, as they

impart a black colour to the water, especially if it con-

tains a little iron. In this case the gallic acid of these

woods forms with the iron a perfect ink, which pene-

trates the bones, and so colours them that they cannot

be whitened ; and even if no iron is present in the water,

the tanning renders the latter perfectly black, and colours

the bones grey. The best troughs are those of earthen-

ware, but they can only serve for small animals. They
can be kept much cleaner, and freed better from green

matter and mouldiness than the wooden ones, in which,

when these matters are once developed, there is the

greatest difficulty in destroying the germs which incrust

the timber. It may however be effected by reversing

the trough over a fire with live coal, and heating it

nearly to ignition; boiling water does not destroy

them.

The earthenware pans may be also well heated by fire

to destroy these germs ; and the glass ones, generally the

smallest, can be rinsed out with a concentrated acid,

after being well washed, so as to leave nothing but the

germs for the acid to act upon.
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The troughs should be, if possible, sheltered from a

current of air, which causes the evaporation of the

water, in which case this latter must be renewed at

intervals. To prevent this inconvenience, the troughs

should be well covered up, and during the time of ma-

ceration be meddled with no more than is necessary, for

fear of diffusing the fetid odour.

11. Drying Place.—There should be near to the

macerating room one exposed to the sun for drying

and bleaching the bones. A part of this place, which

is best located in a garden, should be open, so that the

bones may be exposed as long as possible to the sun,

dew, rain, and snow, the alternate vicissitudes of which,

produce the required bleaching.

Another part of the drying place should be a cham-

ber provided with a stove, in which every kind of pre-

paration may be quickly dried. The methods employed

will be described in the chapter upon the osseous sys-

tem.

12. In the external part of the drying place should

be placed several tables with raised borders, so that the

objects placed upon them may not fall off, and having at

their lowest extremity a small hole by which the water

may drain off. The upper part of these tables may be

of solid wood, laths, or metal.

In this room there should be, besides the stove, some

tables and places for hanging up preparations, and se-

veral basket-work frames which may be suspended from

the ceiling, or laid upon sticks, and serve to dry diffe-

rent specimens upon.

13. Boxes for Insect-made Skeletons.—These
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boxes are little laboratories, in which the agency of

dilFerent insects, but chiefly ants, is employed for mak-

ing the skeletons of very small vertebrated animals.

Their size should be two inches each way, seldom more,

and they should be made of some wood which does not

suffer from moisture, and should shut as close as pos-

sible. They may be also of tin or zinc, but their outer

and inner surface should be unpolished and even rough,

so that the insects may travel over them^ in going out,

and coming in. In their sides there should be a great

number of holes just large enough to let a single ant

pass through, but not to admit of its conveying away

with it any small ossicles, which they never fail to do if

not prevented. If these boxes are destined for the ope-

rations of dermestes, ptinus fur, or anthrenus, they m^y be

of any substance, as card, since these insects gnawing

only the dry organic substances preserved in the interior

of houses , there is no need of their being exposed to

the wet, while those in which the ants work enclose

fresh animals, and should be placed near the nests.

The dermestes and ptinus seldom quit the boxes.

14. Workshop.—An establishment devoted to the

study of anatomy, and amongst others, to the art of

making skeletons, must necessarily have a workshop,

provided with a sufficient number of tools ; since it is

there that the pieces of metal, wood, leather, &c., re-

quired in mounting skeletons, are finally adjusted, where

injections are prepared, and the vessels for preserving

anatomical preparations sealed up.

This work-shop should contain a small lathe- drill

for piercing the bones. There should also be a fire-place
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for operations requiring its use, and lastly a cistern for

the supply of water ; while here also the stores, jars,

preserving fluids, injecting matters, &c., are kept.

15. Tools.—In addition to the instruments already

noted, there should be a large table, a small bench, with

a vice and anvil, a grind-stone for whetting large instru-

ments, tools belonging to the lathe, a small drill-bow

with drills of different sizes, files, rasps, gravers, chi-

sels, different flat and cutting pincers, pliers, hammers,

a mallet, punches, of different sizes for labels, saws, &c.

Besides these ordinary implements, it is convenient to

have some others, which if not indispensible, are at

least, very useful ; they are as follows :
—

16. Machine for Cutting the Glass Plates used

AS QovERs TO THE Glass Jars.—The jars in which ana-

tomical preparations are preserved, are occasionally closed

by plates of glass hermetically luted to them. These

plates, generally round, are difficult to cut with the hand,

except a wooden pattern of each size is provided, which

would be almost endless work, and would cost more

than a windle which can be used for cutting the plates.

This machine consists of a board 1 foot 8 inches long,

by 8 inches or a little more in

^^•2- width (fig. 2, A). On the middle

/'"^B^^N. ^ of this, which serves for its sup-

7 -^ \ port, is a round disc of wood (B)

C 1^ I' about 1 foot 4 inches in diameter,

V. -J-J turning on its centre. Towards

\.^^^__^^/ one extremity of the board, at a

little distance from the edge of the

disc, there is fixed an iron hinge (C), in which the extra-
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mity of a square iron rod (D) plays, so that it can be

raised and lowered in order to be placed parallel to the

disc, over the centre of which it passes, and is prolonged

beyond it ; at the other end it rests in a second hinge,

similar to the first (E), but without the pin. This rod

thus placed must be parallel to the disc, and about half

an inch distant from it ; upon it slides a small copper car-

rier (F), bearing below a diamond for cutting the glass,

and above, a pressure screw for fixing it upon the rod.

Around the centre of the disc, and upon it, are traced a

great number of concentric circles distant from each

other one quarter of an inch, to point out the size of

the plates to be cut, and at the same time to assist in

adjusting the piece of glass employed. To use this

windle, the piece of glass is cemented upon the centre

of the disc, and the carrier, which supports the dia-

mond, fixed in such a manner that the latter corres-

ponds to the circumference of the circle, the size of

which it is wished the plate should be ; the rod is

lowered upon the plate of glass and kept there by the

left hand, so that the diamond rests slightly upon it,

then making the disc turn round with the right hand,

the glass is borne along with it, and cut by the dia-

mond.

For cutting plates which are not round, as very

often happens, the outline of the shape to be given is

traced upon a sheet of paper, the piece of glass placed

above it, and the plate cut freely with the hand raised,

following the figure placed beneath.

17. Drill Stocks.—These are of two kinds, one of

which can be fixed by screwing into the table, and be
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set in motion by a bow. It is with the assistance of

this instrument that solid bodies of moderate size are

pierced, and the strongest drill which fits in may be

about a line in thickness. The second sort used for

piercing very fine holes, such as might be made with

a needle, is so contrived as to be set in motion by

the fingers, between which the handle of the instru-

ment rolls.

The fine drills have the form of those used for pier-

cing metals, or are simply round or square pointed,

when they are to serve for piercing very fine bones.

18. Lamp Frame.—As it is often necessary to keep

liquids at an elevated temperature, it is very useful to

have a small spirit lamp frame, upon which a vessel

containing the substance to be heated may be placed.

This apparatus may be of any shape, but the most con-

venient is that in which the frame, on whioh the vessel

is placed, is formed by a circle, 4 inches or more in

diameter ; from this proceed three tongues directed to-

wards the centre, leaving a space of about f of an inch,

so as not to intercept the flame. The lamp placed be-

neath the middle of the frame should be so constructed,

that by means of a screw, the wick may be raised or

lowered to regulate the heat as required.

19. Neosogen.—An apparatus for artificial mcuba-

tion. Anatomists in pursuing investigations, involving

the stages of development of the foetus of birds, make

use of this instrument, but every one having peculiar

notions as to its modifications, it will sufiice to give the

general principles here. The principal conditions which

appear to be required, are an equable heat, some degree
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of moisture, and free access of air. The apparatus

generally consists of a cylindrical vessel of tin having

double sides, the intervening space being filled with some

non-conducting substance ; the bottom is perforated

by tubes allowing the air to enter ; the eggs are kept on

trays supported by little columns, so as to allow of their

being placed one above another. The whole has a

wooden cover (pierced with holes), and is heated by a

spirit lamp placed beneath a wide tube, closed above,

which passes up the middle of the apparatus. It must

be kept where it is not exposed to a current of air, and

the eggs should be marked with ink as they are put into

the apparatus, and turned every two or three days.

It is obvious that the foregoing extensive array of

appliances is only given to show what should be done

when circumstances allow of it, and in a large establish-

ment ; but it is hoped, that the student will be able to

select those portions best adapted to his means and the

particular direction of his investigations.

It is with this idea that so general and comprehen-

sive a view of the subject has been taken.
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CHAPTEE 11.

INSTRUMENTS.

20. In addition to instruments for actual dissection, ana-

tomists make use of certain others which prepare the

objects of dissection, in such a manner that the former

act to the greatest possible advantage. The most im-

portant among these, are those for injecting the different

vascular structures, so as to display them with greater

distinctness.

SECT. I.

—

Injecting Instruments.

21. Swammerdam's Syringe. — The instrument

usually employed for injections is the syringe contrived

by Swammerdam. It is of the ordinary shape—a cylin-

drical body, with a piston working in it to drive the injec-

tion into the vessels ; but as it w^ould be difficult to fasten

the tube to the vessel, if the former were fixed to the

body of the instrument, this is provided with a second

tube fitting over the other, to which it is adjusted when
necessar^^by a bayonet catch or other simple contrivance,

a screw being objectionable for obvious reasons. This

second tube is to be fixed by a ligature into the vessel

to be injected, and as these vary, the instrument is
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generally provided with several of them, with different

sized nozzles. The inner tube (which forms part of the

syringe itself) should be provided with a cock to pre-

vent the escape of the liquid. The piston rod commonly

has a large button at its upper extremity, which the

operator places against his breast, in order to push with

greater force and regularity. The ordinary syringes

used at the medical schools hold about two quarts,

which is sufficient to inject the principal trunks.

22. When these syringes are of small size, they

ought to be bored very truly, in order that the piston

may slide with equal freedom in all parts, so as to allow

the operator to feel the slightest resistance to the pas-

sage of the fluid, and thus to warn him to moderate his

efforts when there is danger of rupturing any vessel

;

and, on the other hand, that it may not be loose in

places and produce jerks. The piston ought also to be

so perfectly adapted, that the liquid injection cannot get

behind it, and its thickness should at least equal its

diameter. The mass of this thickness is ordinarily

made up of discs of felt, which may be more or less

compressed by means of the screw which receives the

inferior metal plate of the piston.

23. M. Charriere has invented another kind of pis-

ton, infinitely better, which slides much more

freely, and does not allow the injection to ^^ ""'

escape. It also consists of two parallel discs

(fig. 3, A, B), placed at some distance apart,

and rather less than the internal diameter of

the syringe ; instead of the discs of felt, there

are two of soft leather (,C, D), placed in the middle, in

c
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contact, their diameter being half as much again as the

bore of the syringe. The intervals between these discs

and the metal ones are bound with packthread, only

leaving space enough between them and the walls of

the pump to lodge the leather discs, which are turned

back in the form of a hood over the packthread on each

side, thus applying themselves to the inside of the

syringe. When the piston is pushed down, the liquid

endeavours to make its way towards the upper chamber

of the syringe, and entering the bell-shaped cavity

formed by the leather disc, it presses the edges of the

leather against the walls of the pump, and thus prevents

its own escape. In drawing np the piston a similar

action takes place, the air being substituted for the

liquid. In both movements the piston slides with the

greatest facility.

24. Every time an instrument is used it should be

taken to pieces, and all parts thoroughly cleaned ; and

should be placed separately, if possible, in the box

where they are kept, to prevent any parts becoming

fixed together by oxydation. To clean greasy por-

tions, spirit of turpentine is used ; for others, hot water

or alcohol, according to what has been used as the

vehicle of the injection.

25. In small syringes the piston-rod should end in

a ring, and the cap of the syringe (through which it

passes) should be provided with a ring at each side.

Placing the first two fingers in the latter, and the thumb

in the ring of the piston rod, a very regular and safe

motion can be communicated to it. It has been said,

that the body of the pump should be fixed to the canula
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by a bayonet catcli, but it may simply slide into it. To
prevent their separation in large instruments, the canula

should be furnished with two ears, with holes in them,

to attach a loop of string, which passes round the fingers

of the hand that supports the pump.

26. As the same quantity of matter may have to be

injected through different sized vessels, the instrument

should be provided with several canulas of different

caHbre. One to inject the aorta of man should be

about half an inch, external diameter, the others may
gradually diminish in size, until the smallest is about

one-eighth.

The large canulas should have a cock, in order to

retain the injection until it sets ; at their upper part

should be two circular grooves to lodge the ligature of

the vessel. The smaller sizes need only be furnished

with a cork, and one groove will be sufficient.

By placing a flexible tube (about 20 inches long

for a syringe holding a quart) between the pump and

the canula, the instrument may be supported on the

table or basin where the subject is placed, by which

means much fatigue is avoided, and a more regular m-o-

tion obtained.

27. Injecting Pump.—-The apparatus about to be

described, may be very advantageously substituted for

that of Swammerdam ; it not only allows the slightest

resistance to be appreciated, but the injection may be

continued to any extent without interruption in charg-

ing the receiver.

This pump is formed of a cylindrical brass basin (fig. 4,

A A), in the centre of the bottom of which is screwed,

c 2
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vertically a force pump (B). At one side of the latter,

level with the bottom

of the basin, is an ori-

fice furnished with a

valve (c) internally,

allowing the liquid to

enter and rise, when

drawn up by the pis-

ton, but preventing

its exit. At the bot-

tom of the body of

the pump, towards

the side, is the open-

ing of escape (c?) lead-

ing into a little cham-

ber (e), situated in the

base, and of rather

less diameter than the pump. The last mentioned orifice

has a valve (F) in the chamber, allowing the escape of

the liquid from the pump, but preventing its return.

This valve is supported by a tongue-shaped piece, fixed

to the side opposite the orifice of communication and

serving to raise the valve so as to press it against the

opening. The bottom of the little chamber, formed of

a screwed plate (G), may be removed to clean the inter-

nal parts. At the side of the chamber, near the escape

valve, is the orifice of a horizontal canal {h), which opens

outside the basin near the bottom {i) ; on this last ori-

fice is screwed a cock (K), and on this the collar (/) of

a flexible tube (M) of the same size as the canal. At

the other end of this tube is fixed a canula (P), like
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those used for Swammerdam's instrument. The under

part of the bottom of the basin is filled in with lead (n),

which thus surrounds the central chamber and the hori-

zontal canal. The basin is closed above by a flat plate

of brass (O), with an internal shoulder ; the pump passes

through the middle, and is kept steady by it. It is as

well to have the flexible tube (M) in two pieces ; these are

joined either by a screw, or simply by sliding into one

another, which is generally sufficient. The flexible

tubes should be very pliant. For alcohol or aqueous

injections, nothing is better than a caoutchouc tube,

which must not be confounded with those made of arti-

ficial gum elastic (like common sounds), which are made

of linseed oil prepared and dried, this substance being

soluble in alcohol. For greasy substances these latter

tubes are best, as caoutchouc is dissolved by them, espe-

cially when warm.

By means of this apparatus an injection can be

made without fear of deranging anything in the body of

the subject. The apparatus is placed on the table (its

weight serving to fix it), and the canula tied into the

vessel as usual. The injecting matter is poured into

the basin, and by working the pump is driven into the

vessels. The small diameter of the pump allows it not

only to be moved with much less force than a large

syringe, but causes the slightest obstruction to be felt

with distinctness.

28. An apparatus of this kind, the basin holding

about a pint, and the pump measuring 7 inches high by

l^ths of an inch internal diameter, is sufficient to inject

the body of a child of 10 years old, by the crurals or
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carotids. This instrument being suited to the injection of

animals of very different sizes, should be provided with ca-

nulas (fig. 5) varying from the size of the horizontal canal

down to aV^h ^^ ^^ i^ch ; also, as it is sometimes difficult

to attach these to a vessel (especially when adherent) , some

elbowed canulas should be provided ; the bent part need

not be longer than two or three times the thickness of

the tube, as that will suffice to attach the ligatures.

When two vessels are to be inject-

^' '
. ed at once, (such as the two crural)

a bifurcated mounting (fig. 5) should

be placed on the elastic tube and two

others attached to it.

29. Caoutchouc Bottle for In-

jecting.—As the above described in-

struments are too coarse and unwieldy for some minute

injections, such as in the Mollusca, &c., M.
^' ' Straus-Durckheim has used a very simple

instrument which answers every purpose.

This is a caoutchouc bottle of the form of

fig. 6, rather more than 1 inch in diameter,

with a metal collar about 2 inches long.

The caoutchouc should be about ^th of

an inch thick, and the extremity of the neck

or collar form a ring, into which slips the

rest of the apparatus. This consists of a

capillary steel tube mounted in wood, ivory,

or iron, so that it may be used for mercurial

injections. (It will be found very conveni-

ent if these jets are made to fit all the differ-

ent fine injecting instruments).
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This instrument is used in the following manner :

—

It must first be filled with the hquid, which is done by

strongly compressing the caoutchouc, then placing the

tube in the liquid and allowing the bottle to regain its

shape, when of course the liquid rushes up into it to fill

the vacuum. Holding it then between the thumb and

index finger of the right hand, it must be introduced

into the vessel, and the injection pressed out with a force

apportioned to the nature of the subject. The injection

being completely under control the smallest parts may be

filled separately, if desirable. As the air rushes in when

the pressure is removed, the lower part of the bottle

should be kept uppermost, so that it may gain the sur-

face of the liquid.

It being difficult to inject even very small vessels

without tying in the jet to prevent the escape of the

liquid, and as an assistant is not always at hand to

apply the ligature, while the apparatus is held in its

place, the following method will enable any one to do it

for themselves. After having opened the vessel, a knot

must be tied round it with long ends, one of which is to

be twisted round the index finger of the left hand, and

the other round the middle finger, after having passed

it round a nail fixed to the table; then placing the jet in

the vessel with the right hand, the ends of the thread

are to be pulled, which tightens the knot, and fixes the

apparatus.

30. Although this injecting bag is the simplest and

cheapest instrument that can be employed for fine ope-

rations, it presents several inconveniences. In the first

place, it is but seldom that caoutchouc bottles can be
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procured small enough, and even then they are generally

too thin and weak. Again, from its form it is very diffi-

cult to clean, whilst it is indispensible that it should

always be kept so, as the residue of an old mass, in

drying, would form coarse particles which could scarcely

fail to choke the fine tubes. Lastly, the greatest defect

is, that the caoutchouc is attacked and destroyed by

greasy matters, especially by essential oils, which are

occasionally used. This led M. Straus-Durckheim to

contrive a little apparatus, which he calls a Clysette, which

has all the advantages of the bottle without its defects,

31. Clysette, (fig. 7).—This instrument is formed

on the plan of a pair of bellows, and is composed of two

circular metal flaps, (A) . The figure only shows the

fixed flap, about 1^ inch in

Eg-.y, diameter, seen from within, and

P^^^^ united to its fellow by an in-

ternal hinge (B). The fixed

flap is prolonged into a little

tube (C) (at the distance of

one quarter of the circle from

the hinge) about ^ of an inch

long, with a calibre of |-th of an

inch, opening into the cavity

of the flap, along its internal face (D). This tube

must not open on the margin of the flap, which must

remain free in the whole of its circumference, in order

to give attachment to the leather uniting the two. On
the tube already described, fits another (simply slipping

on to it) rather longer (E). This second tube, joins

obliquely the extremity of a third (F), 2 inches long and
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i-th of an inch internal diameter, these two are in one

piece. The last tube is closed posteriorly by a good

screw, and terminates at the other end in a collar, into

"which fits the apparatus of the jet or fine canula.

The margins of the metal sides about |^th of an inch

thick, have a deep grove running round them, into

which the leather is fastened, by binding with pack-

thread. The leather covers the hinge, and on the side

next it, is only just wide enough to allow the movement

of the flaps ; on the opposite side it is sufficiently

wide to allow them to make an angle of 55 degrees.

The leather must be thin, of a close texture, and im-

permeable to the substance of the injection, without

loosing any of its suppleness.

In order that ail parts may be easily cleaned, the

moveable flap consists of a simple ring, closed by a cover

screwing into it ; thus almost the whole cavity can be

exposed without derangement of the parts : the tube

carrying the jets is cleaned also by removing its poste-

rior screw, (G).

To use the clysette, it should be placed, when filled,

in the palm of the hand, in such a manner that the tube

can be conveniently held between the thumb and fore-

finger, while the other three fingers press upon the

moveable flap.

32. Injecting Pipe or Pipette.—The two instru-

ments just described are still too large for some very

fine injections, such as most of the Gasteropoda and

Acephala. Another apparatus, still simpler (fig. 8)

and more easily used, is a tube or pipette with flex-

ible stems so constructed as to fit them for receiving
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jets of various sizes, and to admit of their being easily

cleaned.

It is composed of a principal piece

(A), of glass in the form of a hollow

sphere, about ^ an inch internal diame-

ter, with two necks opposite to one

another, each about -^-th of an inch

long, and ^t^^ of ^^ iiich in diameter.

These two necks are furnished with

metal collars, one about fths of an inch

wide, to receive the metal mounting of

the end of a flexible tube (B) ; the

other collar, ^th of an inch wide, receives the mounting

of the jet, which had better be of metal, and is either of

the same shape as the other, or simply a truncated cone

with a milled rim, so as to be easily held. The second

piece is a very flexible elastic tube (B), about 8 inches

long, fixed at one end to the piece just described, and

at the other to one of the necks of a glass appara-

tus (C), very much like the first, but larger, with the

second neck longer, and with the edge turned out a

little, so as to be easily retained between the lips. By

means of this little instrument, the injection may be

driven by blowing, into the vessels. The hollow ball

of the mouth-piece is to receive the saliva, which would

otherwise flow into the injection.

In the absence of this instrument, a pipette, with

a flexible tube, may be used.

33. Injectory. — Another apparatus, which M.
Straus-Durckheim has used for the last 18 years, is

figured (fig. 9) here ; it is for fine injections of some
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mg.^.

magnitude, where the clysette is too small, especially in

injecting the lymphatics.

It consists of a cylindrical glass receiver (A), hold-

ing about 3-^ ounces, or a little more, with a large neck

(B) furnished with an iron or steel collar, into which

s crews a plug of the same metal, mak-

ing an air-tight joint. Through the

plug or stopper passes a stout glass

tube (C), with an internal diameter

of -j^th of an inch, firmly fixed to

the stopper, and with the lower end

reaching to within -gV^^ ^^ ^^ i^^^

of the bottom of the receiver (C).

Its upper extremity, which rises 9

inches from the bottom, has an iron

collar (D), into which screws the

similar collar of a second tube (E),

of the same size as the first, but

only 7|- inches long, (being ^th of

the height of a column of mercury,

equal to the atmospheric pressure).

Besides this, there are two other

tubes of the respective lengths of

4 and 7|- inches ; lastly, there is a

cylindrical funnel (F), the calibre of

the enlarged part being fths of an

inch, and the length about 4 inches
;

the narrow portion is 2 inches long, and is otherwise

similar to the rest of the tubes ; with these it serves to

increase the height of the column, according to the force

with which the injection is to be impelled.
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A flexible tube fixed to the stopper, and having the

funnel at its upper extremity, may be substituted for

the elongating pieces of glass tube. This tube, which

should be about 30 inches long, (giving the atmospheric

pressure), may be lengthened or shortened, at pleasure,

by raising or lowering the funnel, and thus all changes

of pressure obtained without altering any of the ar-

rangements. At the side of the glass tube, an iron one

(G), about yV^^ ^f ^^ i"^^ i^ diameter, passes through

the stopper, opening at once into the receiver. This

tube is bent horizontally above the stopper, and upon its

extremity is screwed a metal cock (H), upon this again

is screwed the metal collar of a flexible tube (I), about

12 or 14 inches long, furnished with a ring at the end,

to receive the nozzle (K), which simply slides on, as in

the clysette.

Below the cock already mentioned, and near the

bottom, is another (L), by which the receiver may be

emptied ; this is not absolutely necessary, but if the

vessel is emptied by the neck, the outside of the appa-

ratus gets smeared and dirtied.

The apparatus, when in use, is suspended by a

double cord (M M), which is twisted round each piece of

the vertical tube, to hold all together. Mercury is poured

in until it rises above the lower end of the tube, and the

receiver is then filled with the injection mass. The stop-

per having been tightly screwed on, mercury is to be

poured into the vertical tube by the funnel. This metal,

by its weight, tends to drive the injection out by the

second tube, with a force proportionate to the height of

the column. If the mass is to be kept warm, the re-
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ceiver and lesser tube may remain in a bason of warm
water, until the moment of using the apparatus.

Two kinds of flexible tubes must be provided, one

of caoutchouc for aqueous or alcoholic mixtures, and one

of linseed oil or artificial gum elastic, for fatty injec-

tions. The elastic tubes, although of such small size,

are easily cleaned, by passing through them a thread

with a small piece of rag attached, and drawing this

backwards and forwards.

This apparatus, though particularly useful for the in-

jection of delicate vessels, is scarcely fit for entire ani-

mals of any size, as the quantity of mercury required

would make it inconveniently heavy. It may be used

for mercurial injections, but the apparatus presently to

be described is better for that purpose.

34. In the injection of very small subjects, such as

the Mollusca, a similar apparatus of much smaller size

is used, the receiver only holding about -|rd of an ounce,

and the stopper being made merely of cork. Both tubes

are of metal, and the flexible tube fitted on without the

intervention of a cock, and as the quantity of mercury

required is very small, the funnel is conveniently re-

placed by a small bladder. While the apparatus is

not in use, the bladder must be kept on a level with the

receiver, so that the weight of the metal may not act

upon the mass of the injection, which renders the cock

unnecessary. When about to inject, the bladder is raised

by a string passing over a pulley, and its height adjusted

according to the force required for filling the vessels.

35. Glass Tube for Injecting with Mercury.—
For this purpose a simple glass tube is often used.



30 FIXATEUR.

12 inches long, with a calibre of about ^ of an inch, bent

near the bottom at right angles, and forming a branch

rather less than -^rd of an inch long, into which fits

(either merely slipped in, or secured by wax) a jet made

of glass tube drawn out to a very fine point. The tabe

is filled with mercury, and this flows out by its own
weight, which is adjusted by inclining the tube. This

is the simplest and most imperfect form of the ap-

paratus, but it has received several improvements—
Among others, an. elastic tube has been fitted to the

short branch to direct the jet more conveniently ; a cock

is also sometimes interposed, made of iron or steel.

The glass jets being very fragile, steel ones are com-

monly used, and the tube is occasionally suspended,

instead of being held in the hand. By all these little

changes the apparatus has been rendered very conve-

nient, and almost all anatomists use it.

36. M. Ehrmann, of Strasbourg, has still further im-

proved it, by adapting a support,

called a fixateur (fig. 10). It is

described and figured in the An-

nales des Sciences Naturelles,

tome III, pi. 21. This apparatus

consists of an iron rod (A) well

hammered (as it has to sustain con-

siderable weight), about 30 inches

long, and 7 lines in diameter ; this

is fixed into a clamp (B), by means

of which it is fastened to the table.

The rod has an arm (D) of the

form represented in the figure, 8 inches long, capable
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of sliding up and down or round the tube, and with a

pinching screw (E) ; it has another piece attached to it

])y a ball and socket joint, also with pinching screw
;

this second piece is in the form of a pair of forceps (F),

each arm of which terminates in a hollow half cylinder,

forming together a ring to hold the glass tube (G) ;

another screw keeps these arms fixed together.

37. Flexible Tube for Mercurial Injections.—
This is a very simple apparatus, which will be advan-

tageously substituted for the above, being cheaper, less

likely to be broken, and easier to manage. It consists

simply of a caoutchouc tube, 24 inches long, and ^th or

jig-th of an inch internal diameter, one end having a

steel collar to receive the jet, the other also having a

collar into which screws another fitted into the neck of

a small bladder, to hold the mercury. The whole is

suspended by a cord passing over a pulley, which cord

is conveniently attached to the foot of the operator, so

as to leave both hands at liberty.

38. For Injections with Fusible Metal.—Tubes

of card-board suffice, -J-th of an inch in diameter at least

;

to one of these a cock made of wood is adapted, to pre-

vent air getting into the vessels, which should be ex-

hausted previous to injection. The cock having been fixed

into a vessel, the air-pump should be applied, then the

card-board tube attached and the metal poured in. If the

tube be 20 inches long, the weight of the metal will

carry it into the vessels, so that when the tube is filled

the cock may be turned, and the metal will run in.

Artificial gum elastic tubes may be used. The metal, if

it contain mercury, is injected at a temperature of about

160^^ Fahr., if not about 260° Fahr.
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39. Hydraulic Apparatus.—For injectioas of very

great magnitude, an apparatus, similar to fig. 9, may be

used, but made of great size and of common materials

;

the upright tube should be so long that the weight of

the injection may force itself into the vessels, and the

flexible tubes may be of leather. This kind of apparatus

is well suited to Plaster of Paris injections, which de-

stroy all kinds of metal apparatus.

40. Pneumatic Bell.—This is a convenient substi-

tute for the air pump, when, as in very fine injections,

it is necessary to exhaust the vessels. It is a receiver

in the form of a bell (fig. 11,
^""' A), capable of holding about

two quarts, having a neck

(B), into which screws a

small exhausting syringe

(C). At its lower part,

about an inch from the

bottom, are two horizon-

tal necks (D, E), at oppo-

site sides, having a metal

mounting about -^t^^ of ^^

inch in diameter; on the

outside of these, by means of a screw, either a metal

cock (F, G), or a gum elastic tube may be fitted, and

internally, they are adapted to receive the metal or ivory

mounting of another elastic tube. The lower edge of

the bell is ground accurately, to fit on a plate of glass or

marble (H).

One of the cocks (F), will let air into the bell, the

other (G) interrupts the current of the injection when

necessary.
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Into the inner end of one of the necks, as has been

already stated, a gum elastic tube fits, which is only

about an inch long, and terminates in another collar to

receive the jet or nozzle placed in the vessel about to be

injected. One cock only need be furnished with a jet,

the other serving to let air into the receiver ; its outer

extremity has an internal screw into which is fixed an

elastic tube, the end of this being plunged into the in-

jecting matter.

The same exhausting syringe may be applied to a

much smaller bell, and may be then used as a common
air pump.

41. Inflating Tubes.—These are either straight

(fig. 12, A), or bent at the extremity

(B), and of various sizes ; it is very

useful to have them furnished with

a cock, and if a caoutchouc tube be

adapted to them, the jet can be easily

adjusted while the end is in the

mouth, thus leaving both hands at

liberty.

42. Fine Jets. — The common
nozzles of injecting apparatus are made
of brass, but these cannot he made sufficiently fine for

some purposes, and would besides be destroyed by mer-
cury. To meet this difficulty, glass tubes drawn out to

a fine point, have been used, but being excessively fra-

gile, steel ones are now generally employed.
M. Rusconi has used the quills oi partridges, &c.,for

jets or canulas in injecting the lymphatics of reptiles.

He introduces these in the manner of a trocar, having a
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needle of moderate size, with the point finely ground,

passed up the interior of the quill, to make the opening

into the vessel.

43. In some cases the employment of metal syringes

and jets is inadmissable, from the action of the injection

matter upon them, as in some injections by chemical

decomposition. Under these circumstances syringes of

glass maybe used, or the caoutchouc bottle (^29), with

ivory or wooden fittings and glass jets.

SECT. II.

—

Instruments for Dissection.

44. The instruments immediately used in dissection

may be divided into those which serve only as simple

auxiliaries to the operation, and those which cut or

divide the structures, or into non-cutting and cutting

implements.

Non-Cutting Instruments.

45. Elevators.— The table being ordinarily too

low for examining small objects placed upon it, they

must be frequently elevated to enable the observer to

dissect them at his ease. For this purpose props of

diiferent heights, according to the size of the objects,

which, however, are generally small, should be used,

and of sufficient dimensions to admit of the hands

being rested upon them. The most convenient size is

8 by 6 inches, the depth varying as may be required. A
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convenient arrangement consists of three boards of

equal size, placed one upon the other, each an inch deep,

and united by two pegs, which pass through holes at

the edge of each of the three boards, to keep them all

together. But if two or one only of these be wanted,

one of the external with the middle board, or the middle

one alone, may be used.

46. Blocks.—These, which are of wood, serve to

keep in any required position the bodies of animals

under dissection, by being placed beneath them, so as

to prevent their turning over, and should be propor-

tioned to their size. Their form is most com-

monly nearly a quarter of a cylinder, resting upon one

of the fiat surfaces, and having the opposite angle

slightly rounded. For subjects of moderate size, such

as dogs or rabbits, they may be from 8 inches to 1 foot

long, by 4 to 6 inches in the radius, and for very large

animals, made of planks, so as to be hollow for the sake

of lightness.

47. Supports.—For certain objects, such as very

flat parts, which it is wished to place

vertically, or round bodies, as heads,

which roll about, a heavy wooden

support (fig. 13, A), may be used, of

a semi-cylindrical form, having upon

the middle of its convex surface two

round pegs (B B), placed side by side a little distance

from each other, and at an angle of about 50°. These

are slit down to about the middle of their length, and

an iron plate placed between them, which serves to en-

large the intervening space, if necessary.

D 2
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For bodies of moderately small size, this support

should be about 6 inches long by 3^ inches wide, and

the pegs 1^ inch or more, by ^ or |- an inch in dia-

meter, and placed at the distance of 1 inch from each

other, the iron plate being 4 inches long by \ an inch

wide.

These supports are of the greatest use for keep-

ing objects in any required position, which are placed

either in front or between the pegs, and fixed there

by means of hooks (^63) conveniently arranged, and

steadied by weights attached to them. Three of the

hooks one on the right and another on the left, and

a third passing betwixt the two pegs, and pulling in

front, form a convenient arrangement, by which parts

otherwise the most troublesome are kept perfectly mo-

tionless.

48. As it very frequently happens that the hands, and

even the arms, must rest upon the subject during dis-

section, which if rather small would be thereby dirtied,

flattened, and crushed, to obviate these inconveniences,

a kind of square trough, open at both ends, may be used,

beneath which it is placed, and thus covered as by a

bridge. These bridges, of very different sizes, should

be of a depth just sufficient to clear the subject from

above, so that the hand placed upon them may not be

far removed from it, and to this effect also the anterior

part of the opening through which the object projects

should have a thin sloping edge, not exceeding the

eighth of an inch in thickness. In using these troughs,

the greater part of the subject may be enveloped in

damp cloths, to prevent its drying or getting soiled.
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49. Dissecting Basins.—It is necessary to dissect

animals of small size, such as Mollusca and Insects,

under water, as in this way not only are their or-

gans and colours better seen and more clearly distin-

guished, than when exposed to the air ; but the former,

instead of adhering together and drying up, are detached

and floated out, and may be then easily removed, either

by agitating or blowing upon the water, or with a

brush.

For dissecting in this manner, basins of differ-

ent sizes are used, which should be proportioned to

the size of the objects, though many anatomists em-

ploy the first vessel at hand for this purpose. Cylin-

drical troughs of zinc, tin, earthenware, or glass are

best : the first kind, for the larger animals, are from

14 inches in diameter to 4 or 4-j inches in depth,

and the glass ones 2|- inches wide, by 1^ inch deep ;

care being taken that their bottoms, both within and

without, are as straight as possible, so that the pieces

of cork introduced may not shake about. In the ab-

sence of the above, common tumblers may be used,

having their bottoms raised by some body, flat upon

the upper surface, placed inside them. These glass

troughs are preferable to opaque ones, from being trans-

parent, and allowing the light to penetrate their sides.

The glass troughs may be made in a square form, of

pieces of plate glass cemented together by the marine

glue (^ 145), or Canada balsam ; all small troughs should

be ground flat on the upper edge, as they may then be

covered by a plate of glass when left for a time, which

will be found a great convenience, not only in keeping
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the preparation unsoiled, but hindering the evaporation

of the fluid ; this, if spirits be used, will be of no little

importance.

50. Cork Plates.—For fixing objects, very minute

ones excepted, at the bottom of the basins, pieces of

cork permanently fastened to plates of lead, to keep them

under vi^ater, are used. The smallest of these plates,

round or octagonal in form, should be about 2 inches

in diameter by |-th of an inch in thickness, with the

layer of lead at least -fths of an inch thick, so as to give

sufficient steadiness to the cork ; the largest, used for

dissecting good sized Mollusca and Crustacea, should be

about 1 6 inches long by 8 inches wide, the cork being

fths of an inch and the lead 1 inch thick, with their

angles truncated. The two plates are fastened together

with hot Burgundy pitch, and covered, for white objects,

wdth black silk, and for those of a dark colour, with some

of the same material in white.

51. For opening easily the bodies of vermiform ani-

mals, such as Annelida, Entozoa, and especially Myria-

poda, without disarranging the solid parts and injuring

th§ soft organs, they should be fixed previously upon long

narrow semi- cylindrical plates, to the convex surface of

which they are attached with pins, and may thus be

readily handled without displacing anything, while the

legs hanging along the sides may be also kept immove-

able.

Small plates with a round opening in the centre are

useful for viewing membranes stretched across them, by

transmitted light.

These plates may be elevated in the water, if re-
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quired, by means of lead or tin rings placed beneath

them.

Some anatomists are in the habit of using plates of

wax about a quarter of an inch thick, which are sunk by-

weights attached to them, or troughs, with the above

substance melted into their bottom; but neither of

these contrivances are so neat and convenient as the

cork plates.

52, Anatomical Moulds.—This name is applied

to a contrivance for fixing certain bodies, which, from

their peculiar form, either round or otherwise, are with

difficulty kept in place. It consists in pouring plaster

around them, which, hardening, encases the object like

a fossil in its rock.

If the body is rough externally, or furnished with

hairs capable of sticking firmly to the plaster, it is suffi-

cient to mix a little of the latter to about the consistance

of thin cream, and begin by coating over the parts to be

fixed, making it penetrate as well as possible into all

their intervals. That being done, this portion of the

body is dipped into a larger quantity of the same mate-

rial, of a pulpy thickness, and is placed either in a small

box, or simply in a card turned up at the edges. The

plaster, having set, is cut away where there is too much,

and as much of the body as required, removed with a

knife ; after which the whole is placed in a basin of

water for dissection, where it is steadied sufficiently by

its own weight.

These moulds may be coloured with ink or some

other dark fluid, if their whiteness fatigue the eye.

When there are no parts like those already mentioned
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by which a body can be kept of itself in position, arti-

ficial ones are made by hooking on very small and curved-

pointed pins, the heads of v^^hich are placed in the

plaster while yet soft, and adhering there, keep the dif-

ferent structures extended, while the plaster prevents

them from changing form. These moulds may be kept

with the preparations upon them for years, in alcohol or

any other fluid upon which the plaster does not act.

53. Skeleton Frame.—For mounting skeletons, M.
Rousseau, Principal of the Anatomical Department in

the Jardin des Plantes, has contrived an apparatus which

serves as a temporary support for subjects of very diiFer-

ent dimensions, until their permanent one is made. It

consists of two square

and vertical iron rods

(fig. 14, A, B), one of

which is intended to

support the anterior

part of the vertebral co-

Hg/np s-r^H lumn, which rests by

iU^ g[U| the sixth or seventh cer-

vical vertebra between

two prongs (C), slightly

diverging from its upper

extremity, and directed

obliquely upwards and

backwards, while the

other receives the lumbar portion in a similar bifurca-

tion (D), situated on a line with the main stem ; in this

position the ribs, pelvis and limbs, are easily attached.

As the rods are to vary in height according to that of

y

L£^



PIPETTES. 41

the animal, each is formed of two portions, crossing

and sliding upon each other, in a manner readily

understood without further description from the figure

(EFG), and thus admit of being shortened or elevated

as required. The two pieces are fixed by a pressure

screw (H). The length of the apparatus is varied by

fixing each support upon a separate and rather heavy

stand (I I), which by means of two laths or slides (K),

fastened to one of them, and traversing the thick-

ness of the other, are separated or approximated as

needful.

54. Pipettes are commonly tubes of glass or metal,

with a small opening below and a large bulb in the mid-

dle, used for drawing up fluids. This is either done

by plunging the lower end in the liquid and inspiring

from above, when the liquid fills the dilated part of the

tube, and may be retained there by placing the thumb

upon the upper orifice, and emptied, by its removal

;

or, if the fluid be deep, by immersing the pipette above

its expansion, it is filled, though more slowly, by the

atmospheric pressure alone.

These pipettes are of difiPerent dimensions. The

largest, used more particularly by chemists, are 1 foot

long, the first third being a straight tube \ of an

inch in diameter, and terminated by a cone of |- an

inch, having at the apex an opening of aV^^ of an

inch ; the second third of the instrument, or its belly,

is a cylinder |^ths of an inch wide ; while, lastly, the

third part forms a tube ^ of an inch in width, end-

ing in a small mouth piece. The above serves for

gradually raising up water containing objects, without
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disturbing them. A second kind, similar to the pre-

ceding, but without a bulb, does for smaller quan-

tities of fluid.

55. Brush Pipette (fig. 15).— For raising very-

small quantities of water very fine camel hair

jp
pencils, constructed in a peculiar manner, are

' sometimes used. They are about ^th of an

inch thick in their middle ; the lateral hairs

(B) are about ^th to fth of an inch in length,

whilst those of the centre, ^th of an inch

longer, form a small point (C), -^th of an inch

in thickness. Having been previously mois-

tened and pressed out, to render its power of

capillary attraction more active, the point is

dipped into the water, which mounts up and fills the in-

tervals betwixt the hairs.

56. Probes.— These must be of different sizes,

for exploring the direction and depth of cavities. The

strongest should be round and well polished stems of

whalebone, 12 to 16 inches long, and -g-th of an inch in

diameter, terminated by a leather ball.

Others, elastic and hollow, of the same width or less,

in which a wire is inserted to support them, serve more

particularly to introduce liquids or air into cavities.

Others, still much more delicate, consist of very soft

iron, brass, or silver wires, and occasionally the finest

hog's bristles or horse hairs are used ; but the best of

all are the spines of some Mammalia, which being co-

nical, are strong at their base, and terminate in an

acute point. Those of the porcupine are in this respect

very useful.
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These delicate probes should be tipped at their large

end with sealing wax, so as to be easily seen and not

lost.

57. Thermometer.—As it is frequently necessary

to determine the temperature of certain parts in the

living body, or that of injections, &c., it is convenient to

possess a good thermometer, which should necessarily

be very small, so that it can be introduced into the

narrowest cavities, and at the same time easily cleaned.

The best are entirely of glass, and have the degrees

marked upon the same stem which contains the mer-

cury ; the scale should range from about 50 '^ to 300°

Fahrenheit. The above very simple instrument fulfils all

the required conditions.

58. Galvanic Apparatus.—It is well known, that

to produce muscular contractions in certain very irrita-

ble animals, as the frog, it is sufficient to touch the

muscle with a small plate of copper, and the nerve sup-

plying it with one of zinc, or vice versa, and join them

by their free ends, when at the moment of contact of

the two metals the above result takes place. But, be-

sides this simple contrivance, it is convenient also to

have an apparatus of more or less power, according to

the experiments to be made, and one in particular very

small, for the special investigation of the tissues or

organs of minute objects.

59. Instrument for Applying Ligatures.—As it

often happens, while injecting, that vessels situated

deeply, and where it is difficult to reach them with the

fingers, must be tied, two very simple instruments may
be made use of, by means of which ligatures can be as

readily applied as on the surface of the body.
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Fi^. 16^.

A

11

One of these (fig. 16), intended for tying vessels which

are ruptured at the side, consists of a small straight

stem of steel about 2-|- inches long, sup-

ported on a handle somewhat longer.

It is terminated above by a transverse

piece (A) resembling the branches

of an obtuse Y, and each of these

about
-J

inch long is slit deeply into

two parts, between which is placed a

small and very moveable pulley. The
head of this instrument is a little

bent, so that the plane of the two

pulleys forms an angle of about 25°

with the stem ; and from the outer

arm of each pulley a small and slightly

curved piece projects, turned at the end

towards its feUow on the other side, so

that a groove is formed by each of

these projections, which is directed

parallel to the stem.

In using the above instrument the ligature (D E) is

passed in the usual w^ay beneath the vessel, and the first

turn of the knot made ; the two ends of the thread are

held tightly together between the thumb and index

finger of the left hand, and the head of the instrument

being next placed between them, they are made to slide

over the pulleys, the lateral projections passing over

them, so as to prevent their slipping off the former ; and

in this position the turn of the ligature is pushed to-

wards the vessel which is thus closed, as tightly as may

be wished. A second and third turn being made, the

knot is completed.
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Fig". 17.

60. PoRTE-NCEUD.—When a vessel is divided trans-

versely, and presents only a very small free extremity,

an instrument is employed for applying a ligature, dif-

ferent from the one just described, which is only appli-

cable where the vessel is not cut across.

This instrument (fig. 17), one portion of which serves

to fix the end of the vessel, and the

other to pass the knot around it, is

composed of a hollow cylindrical

stem (A), about 8 inches long, and

nearly ^ of an inch diameter, ter-

minated behind either by an oblique

handle, or simply by two rings (B) in

a line with each other, for passing

the two last fingers of the left hand

through, while the stem is held by

the rest. At its anterior extremity are

two lateral steel branches, from 1^ to

1|- inch long (C C), directed slightly

outwards, and which, being elastic,

have a tendency to spring together.

Each of these, supports in front a

small, moveable, free and flattened

hook {d d), the concavity of which is

only ^th. of an inch wide, and a little

deeper, while it is about fths of an inch broad ; it has

beneath a second hook (E E) rounded, with its apex di-

rected forwards. The piece which supports these two
hooks turns upon the steel stem by an axis (I I), which

allows the hooks themselves to turn inwards, so as to

come in contact by their free borders, while in the ex-

tended state they are turned outwards.

1 1
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Within the main stem is placed another (F), termi-

nated behind by a nut or ring, which serves as a handle

(G). Its anterior extremity is prolonged into two lateral

and very flexible steel branches, slightly curved towards

each other to form a pair of pincers, and leaving a space,

when unused, of rather more than -^ an inch between

their extremities, which are small and oval, convex with-

out, and flattened within, so that they may approximate

closely when shut, and be then equal in width to tliat of

the space between the two pieces which support the

hooks, beyond which they project, when pushed for-

wards, about 1^ inch. These pincers can be drawn back

into the external tube behind the two hooks, so as to

admit of the latter bending inwards. In using this in-

strument the pincers are pushed forwards, which causes

the hooks {d, E) to become everted, and the first turn

of the ligature is then passed into the groove formed by

each pair of hooks, in such a manner that the forceps pass

through the loop formed by the thread. The instru-

ment is held in the left hand, and the two ends of the

thread rolled round the index finger to keep them

slightly extended. The end of the vessel is then seized

by the forceps, which close upon it as the outer stem is

pushed over ; the forceps having thus got behind the

hooks, the latter bend inwards, and allow the loop to

escape and slip over the vessel which, thus encircled, is

tied by the instrument mentioned in the foregoing sec-

tion.

Two turns of the knot ma}^ be made at once by

leaving a space between them, and for introducing

the ligateur{%^9), more easily betwixt the threads, the

stem supports in its middle two small transverse bars
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^ inch long (J, K), having a grove upon the lateral

edges to keep the ends of the thread separated behind

the two twists ; on pushing up the second knot, the

threads escape from the bars, the head of the ligateur

being wider than the latter.

61. Pins for Fixing Objects.— Common pins

being of brass, badly pointed and bending too readily

when stuck into cork or hard bodies, may be con-

veniently replaced by simple sewing needles, to which

large heads of sealing wax or enamel are fixed. The

first of these are the easiest made, but most liable to

break, while enamel requiring great heat with the

blow-pipe to melt it, forms very durable heads.

62. Braces.—These, which should be of different

lengths, are formed by pins, with or without heads, bent

into a hook at their large end, and may be readily made
as wanted. They are very useful for keeping in place

bony or horny parts, shells of MoUusca, and particularly

the valves of the Acephala, which are difficult to trans-

fix. For example, in order to fix upon a piece of

cork an acephalous Mollusc contained in one of its

valves, which from its convexity is otherwise no easy

matter, three of these braces are planted round it, the

hooks of which catch upon the edges of the shell, and

thus fix it firmly, without being in the way of the dis-

sector.

63. Hooks.—Two kinds of hooks are commonly used

in the medical schools for holding, fixing, or separating

different parts. The one which has been longest in use,

is a small plate 2 to 4 inches long, by f of an inch wide,

and "i^th of an inch thick, armed at each end with one



48 DISSECTING FORCEPS.

or more frequently two hooks placed laterally, one pair

of which serves to hold the part, while the other is fixed

to the body itself, or some resisting material. The stem

is generally slender and spindle-shaped when there is

only one hook.

The second kind is a small round stem ly to 2

inches in length, terminated at one end by a sharp hook

and at the other by a ring, through which a finger of

the left hand passes and draws up the part transfixed.

Though less fatiguing to the hand, and retaining parts

more securely than the forceps, it may be used along

with the latter in keeping small structures extended for

division, by the little finger of the left hand holding the

hook by its ring, while the forceps are taken between

the thumb and index, the two last may be sufficiently

separated from the little finger to effect the required

degree of stretching.

A third sort of hook is principally used in dissecting

large animals, where forcible traction is required. It is

commonly a double hook, mounted upon an octagonal

wooden handle. The smallest should not be less than

6 inches in its entire length, and the hooks ought to form

a semicircle of about fths of an inch radius ; the largest

8 inches long, and the hooks l}^ inch in diameter.

A simple hook, terminated at one end by a small

ring, to which a cord of variable length is attached and

fastened to a weight, proportioned to that of the object

under dissection, is also useful.

64. Dissecting Forceps are of different kinds, but

those most commonly used in dissecting rooms, and too

w^ell known to need any lengthened description, are.
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when carefully constructed, perhaps the best. In some,

the branches are made rough externally, like a file,

which possesses no peculiar advantage, and only serves

for the lodgment of rust and dirt. Other kinds have

the two blades slender and flat, instead of pointed at

the apex.

The spring forceps are simply the common ones, one

of the branches of which has a spring fixed to its ante-

rior third, and traversing a hole in the opposite branch,

to which it hooks by a catch when the instrument is

closed, and by being pushed forward allows it to open.

The above forceps, for very large animals, should be

nearly 8 inches long, so as to be held in the hand.

For minute objects, the first variety of forceps, only

smaller (about 3 inches long), may be used. There

should be no roughness within upon the extremity of

the blades, which should be slightly curved upon them-

selves and towards each other, and close easily, so that

in using them with the microscope, the hand may not

oscillate. The branches, very thin, should be wide at

their base, so that the points cannot cross each other.

It is almost needless to observe, that these instru-

ments should be well tempered, the points neither too

hard nor too soft, and adjusting most accurately by the

notches on their inner surface to each other, without

which bodies will slip from between them.

A third variety of forceps is serviceable in the dis-

section of very large animals, where the constant and

forcible pressure that must be exercised upon their

branches, to support heavy masses, would soon become

insupportably fatiguing. The blades (in other respects
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resembling the ordinary kind, only with broad points)

are slit longitudinally, to admit of a slide with a nut

at either end, which being pushed forwards keeps them

from separating. This instrument is used also for com-

pressing ruptured vessels during injection, when a liga-

ture cannot be directly applied.

A modification of the above consists in having the

branches larger, and fixed to wooden or horn handles,

so as not to be too heavy, and measuring about 4 inches

long, and 1 across. Behind, the two handles are united

by a curved spring, which tends to separate while a slide

glides too and fro upon them. The anterior part is

about 3^ inches long, and differs only from that of the

common forceps in having internal prominent teeth,

which extend over a length of 1^ inch.

65. Cross- PINCERS, (fig. 18).—This kind of forceps

Fig.is. may be used instead of the preceding,

and for like purposes. They have the

form of a pair of scissars, the blades of

which, in place of crossing and cutting,

are semi-cylindric, and applied by their

flat surfaces against each other, while

they are slightly curved in front, so as

to meet only at their extremities (A),

which are furnished with sharp teeth,

increasing in size from before back-

wards. The anterior of these serve

for laying hold of a small part, the

posterior or larger for heavy masses.

The instrument is kept shut by a running slide (B),

nlaced between the branches.
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66. Levers.—These are necessary for disarticulating

the bones of the cranium, by being forced between the

sutures, and for this purpose small chisels, like those

used by sculptors, but with a blunt edge and curved

longitudinally, may be advantageously employed.

Cutting Instruments.

67. Chisels of different kinds should be had for

cutting into bones and other hard bodies, to trace their

vessels and nerves ; some, for instance, with a very slop-

ing edge, for planing, others less so for cutting and

splitting parts.

68. Saws.—Of these there are three principal varie-

ties used by the anatomist.

The first and smallest is formed like a watch-maker's

saw, with the blade about 5 inches long, and so con-

structed that it may revolve upon its axis within the

frame.

The second kind is larger, though nearly the same

in shape, but its blade can be tightened, like the string

of a bow, by a screw phiced in the handle ; it should be

about a foot long by -|-ths of an inch wide, and also

move in different directions.

The third saw, larger than the first two, is intended

for cutting deeply in situations where the two preceding

could not, owing to their frame-work, penetrate. It is

simply a very broad blade of steel, stiff enough to support

itself, and furnished at its posterior extremity, where it is

widest, with an oblique wooden handle. It is commonly

from 8 inches to a foot long, by 2 to 3 inches broad at

e2
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To give the saw more stiffness, it is supported along

the back by an iron or brass rod, grooved beneath, into

which its whole length is received. This frame is move-

able upon the handle, and can be elevated from off the

hack, so as to be no obstruction to the passage of the

blade when the slit made by it becomes deeper.

69. Hatchet.—Bones are often more easily cut by

this instrument than by the saw or chisel. A small

and well sharpened one should be used, the blade of a

triangular shape, the handle passing through the apex,

which is prolonged upon the opposite side into a narrow,

transverse, square and blunt anvil, for breaking parts or

acting as a lever to separate them.

70. BoNE-NippERS.—The general form of this instru-

ment, which is intended for cutting hard bodies, such as

bones, cartilages, and horn, is that of a pair of scissars

with long branches, but with very short, strong, and

wedge-shaped blades, not a quarter the length of those

of scissars, which, instead of crossing, meet like cutting

pliers.

71. Scissars.—Those used in dissection differ only

from the common kind in having the handles straight

and parallel to each other. One of the blades should

be sharp and pointed, for penetrating between organs,

the other blunt and slightly truncated at the extremity

for displacing parts without cutting. Scissars, with

blades curved either in the direction of the plane

of the instrument or in the opposite one, may also be

used.

Two different sizes at least should be had, one em-

ployed in dissecting large animals, about 6 inches long
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and the blades 2 inches ; the other smaller, only 3|- of

an inch, and the blades If of an inch in length.

72. Microtome, (fig. 19).—The difficulty of cutting

with steadiness and precision verv small ob-

jects with scissars, suggested to M. Straus- -^

Durckheim the idea of the present instrument,

which so completely fulfils the required con-

ditions that it is the principal one which he

uses for delicate dissections, and without °^j
which, indeed, he says, careful preparations

of minute animals could hardly be made.

The body of the microtome (C) resembles

dissecting forceps, in being formed of two

flat branches united at their posterior extre-

mity, and separated in front by their own

elasticity. Each of these is terminated by a

small and rather broad scissar- shaped blade (A), the

plane of which is perpendicular to that of the branch.

From this simple arrangement of parts alone, it is plain

that by pressing upon the microtome with the fingers it

will close, and open again when the latter are removed,

with a spring ; while, at the same time, its movements

are far more exact than those of ordinary scissars, from

the force being applied very near to the cutting points.

But, besides these advantages, as it is often required for

making very small incisions, some contrivance is neces-

sary for previously approximating the two blades to an

extent proportionate to that of the space to be passed

over, and this is efifected by means of a screw (D) fixed

at the anterior extremity of the handle to one of the

branches and traversing the other freely (B), while a nut
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placed externally, serves to diminish the angular interval

betwixt the tvro points, which thus adjusted divide only

as much as is wished, without acting upon other parts.

A second nut, placed upon the screw between the two

branches, limits the degree to which the latter should

^cross, so that parts may not be torn by too hasty a

movement.

The two blades of the microtome are united behind

by a hinge, in order that they may separate freely to be

sharpened. The entire length of this instrument, which

is held exactly like a pair of cutting pliers, is 4f inches,

and that of the blades 1^ inch ; the breadth of the

branches posteriorly, fths of an inch, and ^ inch only in

front. As to the blades, it is best for them to be rather

wider (^ inch) and strong, so as to last a longer time.

73. Slice.—For making large and clean sections of

very soft substances, as the brain, a long and very broad

bladed knife is used, with a very keen edge like a razor,

but harder, and fixed into a handle similar to that of a

table knife. The largest should have a blade at least

8 inches long by 1^ inch wide, and the smallest 3^

inches by f broad. A common razor, however, may be

used very well instead.

74. Scalpels.—Those generally employed in me-

dical schools are about 6^ to 7 inches long, the blade

occupying about 2-|- inches, the handle slender towards

its extremity, terminates in a rounded spatula for dis-

placing certain parts without cutting them, and is gene-

rally oval or square; the latter form, as being more

securely held between the fingers, is preferable.

The blade may have one or two edges, but the latter
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kind are objectionable for many reasons. Those with a

single edge are distinguished into two varieties—the

straight and the curved edged. The first, the most

pointed, are particularly suited for the dissection of small

animals, where the extremity of the blade is almost the

only part used ; while the second, with a convex edge,

are most adapted for large animals, where long incisions

require to be made. For very large mammalia the en-

tire length of a scalpel should be about 8 inches.

75. Scrapers.—For cleaning bones or removing

hair or horny textures, old scalpels may be used ; but

as they are generally pointed, and scratch the bodies to

which they are applied, it is best to employ instruments

for the special purpose, which have a handle like a

small scalpel, and the blade terminated in a round and

lancet form. These will also serve conveniently for

prizing open sutures, or slitting up resisting textures,

where a scalpel would break.

76. Dissecting Needles.—These instruments re-

semble in their length, and the octagonal form of their

handles, small scalpels, the steel of which terminates in

a point, instead of a blade. There are two varieties of

them—the straight pointed, which serve for very fine

dissections, and the curved, which are used for animals

not strictly speaking microscopic, such as insects. The
latter kind are bent nearly into the fifth of a circle, the ra-

dius of which should be |-th of an inch, and are absolutely

indispensable in dissecting small animals, from the fa-

cility with which their point can be turned in every direc-

tion, by varying but slightly the position of the hand.

With these curved needles and the microtome, M. Straus-
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Durckheim made all his minute dissections. Two of the

straight kind must be provided, for they are most fre-

quently used together.

77. Setting Scalpels.—Bearing in mind that a

cutting edge is the apex of a cone, more or less elon-

gated, it will be easy for any one to judge of the various

degrees of inclination to be adopted in gliding along the

surface of the hone, keeping the edge foremost, so as to

gather the oil spread on previously ; this must be done

alternately to each side, holding the instrument steadily,

but still with a light hand. If it is for cutting carti-

lage, the back of the scalpel should be held above the

level of the stone at an angle of 30 degrees ; if for cut-

ting a delicate membrane, the back should be held so

as to touch.

It is a very common practice to lay heavily on when

setting : this is bad, it having a tendency to produce a

wire edge, which entirely prevents the instrument from

cutting. If the edge should be blunt, a Turkey stone is

to be made use of first, then a German hone, and finally

a green hard stone (called " Charley Forest"), which is

found in some parts of England.

For setting scissars, or any instrument having the

same form, it is only necessary to pass the oil-stone

in one direction on the bevelled edge of each blade

;

doing anything to the surfaces which come in contact

would irreparably injure them. To instruments not

much blunted, razor paste spread on a strop or a piece

of smooth hard wood will give a fine edge.'
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CHAP TEE III.

SUBSTANCES USED IN PREPARING AND PRESERVING
ANIMAL STRUCTURES.

SECT. I.

—

Injections.

78. The different kinds of injections used by ana-

tomists may be conveniently divided into three classes,

viz., 1. Common or coarse injections; 2. Fine injec-

tions; and, 3. Injections for corrosion. The first are

used to fill large vessels, into which coarse substances

may be easily made to flow. The second are composed

of finer materials, and are used when it is intended to

trace the capillary vessels. The third class are fre-

quently somewhat of the nature of the first ; but this

division includes the fusible metals, plaster, &c.

79. Common Injections should be solid at ordinary

temperatures, so that they may not escape from the

vessels when cut into ; at the same time, they should

be fluid at the temperature of about 110° Fahr., which

heat is not sufficient to affect the tissues of organs to

any great extent. When solid, the mass should be

moderately hard, not brittle, and rather tough, so that

the vessels may be moved without breaking. Wax is

generally the basis, and its hardness and want of fusibi-

lity is diminished by mixing it with either oil, tallow, or
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lard. The best oil is that of the poppy, cold drawn, it

being less viscous than ordinary oils.

The colours used are simply held in suspension, and

must be powdered very finely, so that they may neither

be too quickly deposited, nor cause any resistance to the

fluid in the finer vessels.

80. In fine injections, it is necessary to be very

careful, both in choosing the ingredients, and in order-

ing their proportions in the mass ; the principle con-

dition they should present, is great penetrating power.

These masses ought generally, like the first class, to

become solid after a time, but this is not of so much
consequence in vessels of extreme tenuity, as their ca-

pillarity enables them to retain the fluid ; they must

however be very flowing, and not in the slightest degree

viscous at the temperature at which they are used.

A great number of compositions have been proposed

for fine injections, each having its advantages, according

to the peculiar circumstances under which it may be

required. They are oily, gelatinous, metallic, aqueous,

spirituous, &c., each of which will be considered in its

turn. The colouring matter must be as finely powdered

as possible for ordinary fine masses, and for very mi-

nute injections it must be in solution, so as not to in-

terfere with their fluidity. Preparations made v^ith

these latter can only be used in certain cases, as they

loose their colour after a time, by its being dissolved in

the preservative solution.

In preparing a fine mass great care must be taken

not to allow any foreign matter, such as dust, &c., to

become mixed with it, as it will certainly get into the

nozzle of the syringe, and cause an obstruction.
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81. Common Injections.—The following receipts,

include most of those commonly in use, many of them

are only slight modifications of each other.

Tallow coloured by vermilion, or other insoluble

matter, forms the cheapest kind of injection ; this can

only be used to fill the larger vessels, in subjects not

intended to be preserved.

82. Tallow, 3 oz. ; burgundy pitch, 2 oz. ; Venice

turpentine, 1 oz.

83. Tallow, white resin, each, 16 oz.; wax, 3 oz.

;

Venice turpentine, 2 oz. ; essential oil of turpentine, 1 oz.

84. Purified tallow, 2 lbs. ; wax, 1 oz.; Venice tur-

ventine, 4 oz. This composition is very penetrating, but

allows the colour to settle quickly, which may be reme-

died, in some measure, by adding to it, spermaceti, 4 oz.

85. Tallow, 12 oz.t; wax, from 3 to 6 oz. ; sperma-

ceti, 4 oz.

86. Tallow, 12 oz. ; white or yellow wax, 5 oz. ; olive

oil, 3 oz.

87. Wax, 12 oz.; Venice turpentine, 6 oz. ; tallow,

3 oz. ; essence of turpentine, 1 oz.

88. White or yellow wax, 8 oz. ; black resin, 4 oz.

;

turpentine varnish, 3 oz.

89. Spermaceti, 2 oz. ; wax, 1 oz. ; Venice turpen-

tine, 1 oz. (A very penetrating injection.)

90. The common mass, that used by M. Straus-

Durckheim, consists of white wax ; tallow, each 4 parts

;

and Venice turpentine, 1 part. These are well melted

together, and the colouring matter added, the whole is

then strained through a linen cloth. For the tallow

may be substituted lard or poppy oil ; in that case only

3 parts of either of these must be used, or the mass
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would be too soft. Yellow wax may be used instead of

white.

This, and all other injections which require heat,

should be prepared in a water bath, by which, not only

a more equable heat is obtained, but it is more free from

danger, and keeps the mass fluid for a longer time after

it has been removed from the fire.

Ordinary fatty injections require rather a high tem-

perature to melt them, and also set rapidly, which

causes a double inconvenience, viz., that they are dis-

agreeable to handle, and unless used very quickly will

set either in the apparatus or in the large vessels, leav-

ing the smaller ones empty.

91. The following mass may be sometimes em-

ployed, which is used cold, and does not set for several

hours after it has been injected. It is simply elai-

dine, coloured by some substance not affected by nitric

acid. To prepare it, take of olive oil, 100 parts ; nitric

acid, 9 parts ; and nitrous acid, 3 parts. These are

well mixed by shaking the bottle containing them, the

colouring matter is then added, and the injection pro-

ceeded with. If the olive oil is very pure, this mass

sets in about 70 minutes, but if it contain only y-^th

part of poppy oil, the solidification will be retarded for

nearly three quarters of an hour. This mass swells in

setting, becoming porous, and presenting little consis-

tence ; once solid, it melts at a temperature of about

85° Fahr., and will not set again for several hours,

which allows of its being prepared beforehand, and

injected either tepid or cold. Of course metal in-

struments would be destroyed by the nitric acid in this

composition.
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92. In similar circumstances, instead of the above,

may be used the cold paint injection, which consists of

white lead ground with oil, as sold at the colour shops,

thinned with turpentine varnish, until of the consistence

of paint. This is only to be used in preparations in-

tended to be dried ; it hardens in three or four hours.

93. Fine Injections. — For preparations to be

preserved, the best substance is gelatine dissolved in

water. Take in winter 7 parts, in summer 12, of pure

dried gelatine, soak them for several hours in 100 parts

of pure water ; when it has acquired the consistence of

jelly dissolve it in the same water, by means of a gentle

heat, stirring it constantly. It is always as well to try

the mass before using it, as all gelatine is not equally

good ; this is done by letting a drop of the solution fall

upon a cold piece of glass or stone. If the liquid is

sufficiently concentrated, the drop will set in a few mi-

nutes into a weak jelly, and will become hard in about

10 or 12 hours. Gently heated this jelly or size will

melt into a liquid as flowing as water.

The best gelatine (also the dearest) is isinglass, but

for this may be substituted that prepared from bone.

The substance sold as Nelson's patent gelatine would

probably be useful in very delicate injections, but com-

mon size, well strained, answers very well in ordinary

cases.

If the liquid is not sufficiently concentrated it should

be reduced by evaporation ; if already too much so, it

may be diluted with water, leaving it a little while on

the fire and stirring it well, so that the mixture may
be homogeneous. When the solution is ready, the co-
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louring matter should be added, and the whole strained

through a very fine cloth. It is to be used warm.

94. In order to reduce the insoluble colouring matter

to the utmost state of division, it should be powdered by

the process indicated in the article on colouring matter

(^ 109), in the same water that the gelatine is soaked in,

by which means the exact tint is obtained, and at the

same time the colour does not settle.

This fine injection may be preserved in the state of

jelly, keeping a film of rather strong alcohol on its sur-

face ; when wanted for use, the alcohol must be poured

off, and the sujface of the jelly having been well washed

with cold water, it is to be melted by a gentle heat.

It may also be evaporated to dryness, and kept in that

state ; it will then have to be treated in the same

manner as the pure gelatine.

95. White of egg may sometimes be advantageously

used as a fine injection. One part of the white of egg is

mixed with two parts of water, the mixture well shaken,

and allowed to remain some time, 24 hours if convenient,

in order that the liquids may be thoroughly blended.

This mixture must be filtered through fine linen, (the

membranous residuum not being squeezed too much), and

will be ready for use. This fluid is used like ordinary

injections, but requires the subject to be placed in the

following re-agent to coagulate the albumen and rendpr

it opaque.

This is the sulphate of the peroxyde of iron, dis-

solved in water (^ 120). When the preparation is placed

in this solution the albumen is immediately coagulated,

forming an opaque jelly, which, however, is not white.
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but of a brownish-yellow colour, due to the re-agent.

The injection may be coloured previously, if desirable,

with any very fine substance, such as indigo, &c. ; or,

if the subject is not intended to be kept, a soluble sub-

stance, such as gamboge, archel, &c., may be added to

the water before it is mixed with the albumen. The

solution of the sulphate must not be stronger than that

indicated, or it will have the effect of re-dissolving the

albumen the instant after coagulating it.

The reason of the superiority of this solution over

alcohol and the acids in coagulating the albumen, is,

that the solution allows an appreciable quantity of the

water with which it is diluted to combine with it, while

with the others the albumen swims in flocks in the water

added to it.

White of egg may be kept for months, either pure,

diluted with water, or dry, without loosing its coagu-

lating property. When dried, it must be dissolved in

24 times its weight of water to form the injection, as in

drying it is reduced to one-eighth of its weight.

Alcohol produces a very white coagulum, but, as

above stated, it is flocculent.

96. Milk makes a very good, cold, fine injection;

it must be used fresh, before the cream begins to sepa-

rate ; it may be coloured in the same manner as gela-

tine, if required. It is coagulated, after having been

injected into the vessels, by soaking the subject in

weak acid for some time ; this acid may be vinegar, or

either sulphuric or hydrochloric acid, diluted until no

stronger than good vinegar.

97. Spermaceti, 25 parts; Venice turpentine 10
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parts ; essential oil of lavender or turpentine, 10 parts

;

—form a mass with great penetrating power, which

melts at less than 77° Fahr., and regains its consistence

as it cools.

This oleaginous fine mass is generally useful for small

subjects, such as Mollusca. Being of a fat nature,

extravasation is easily removed without leaving a stain,

which is occasionally a great advantage. This mass

should be kept in a well stopped jar, as the essential oil

is very volatile ; if any of this has evaporated (which

will be seen by the difficulty of fusion) some fresh must

be added to it. This mass should melt with the warmth

of the hand.

98. Spirit varnish, 8 oz. ; turpentine varnish, 1 oz.

;

vermilion, 1 oz. This formula is given by Mr. Knox,

for fine injections :— he says, "this injection sets very

rapidly, and requires a certain degree of heat to keep it

fluid. It fills extremely minute vessels, and is intended

for such parts as are to be dried. The above injection

will become very soft if exposed to a great heat, and

would scarcely support its own weight in a preparation

very minutely dissected."

99. In preparations for mere study, not intended to

be preserved, and in which it is desirable to inject the

smallest vessels into which the blood or any similar

fluid can penetrate, matters naturally liquid, coloured by

substances held in solution, may be used, such as the

essential oils, especially those of lavender and turpen-

tine, coloured by alkanet.

Water or alcohol, coloured by any substance in

solution, or any extremely finely divided substance held
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in suspension. They are usually coloured with archel

(which gives these two liquids a splendid purple colour if

the water is distilled, reddish violet if it is not, and con-

tains alkali) ; madder lake, and other colouring matters

held in suspension ; gamboge or verdegris when the tissues

of the injected organs are not permeable by these two

liquids; when the fluid is likely to be infiltrated, indigo.

Mercury constitutes, on account of its fluidity at

common temperatures, and its conspicuous appearance,

the most generally employed fine injection; but, in spite

of these two advantages, and another it possesses,

namely, that of not staining preparations, it presents so

many inconveniences, that it cannot but be regarded as

one of the worst materials that can be employed. It

will not penetrate very fine vessels, and it renders those

it fills so heavy, that it is almost impossible to touch

them without causing a rupture, in which case all the

mercury escapes ; besides, it so distends them, that

they are scarcely recognisable. It destroys all instru-

ments save those of iron or platina, and moreover is

too dear for common use.

100. Another process has been introduced within the

last few years, which has been exceedingly useful in fine

injecting. It consists in taking advantage of the power

certain salts have, of decomposing one another. Thus,

for instance, a finely filtered solution of chromate of

potass is injected into a vessel, and, in consequence of

its perfect fluidity, penetrates very minute ramifica-

tions ; after a certain time another solution, acetate of

lead, is introduced into the same vessel, and by the de-

composition, an abundant yellow precipitate of the in^

soluble chromate of lead takes place.
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A red precipitate is obtained by iodide of potassium

and bichloride of mercury ; blue, by the ferrocyanide of

potassium and peroxide of iron, &c.

From the great fluidity of these injections, very little

force is required to impel them ; of course, metal instru-

ments must not be used.

These injections are exceedingly convenient, requir-

ing no heat or preparation, except the solution of the

salts, and these solutions may be kept at hand in stop-

ped bottles.

101. Masses for Corrosion.—These are distin-

guished into two kinds, metallic and resinous.

The metallic injection is formed of D'Arcet's fusible

alloy, composed of bismuth, 8 parts ; lead, 5 parts ; and

tin, 3 parts. This melts at a temperature of about

190^ Fahr. ; by adding ^th of its weight of mercury,

its point of fusion is reduced to about 112° Fahr. It

will then penetrate very fine ramusculi, but must not be

used too hot, for fear of scorching the vessels. The
injection is made by the weight of the metal itself,

which is poured into a principal vessel through a tube

of card-board adapted to it. It is advisable to empty

the vessels previously, by means of an exhausting syringe,

so that the metal, which solidifies rapidly, may meet

with no obstacle.

102. The injected preparation is then placed, either

in water and left to the action of putrefaction, or in a

corrosive liquid, which destroys the parenchyma of the

organs more rapidly.

103. Resin, 8 oz. ; white wax, 10 oz. ; Venice tur-

pentine, 12 oz. This is less friable than the following,

but also less penetrating :

—
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104. White wax, 12 oz. ; purified resin, 10 oz.
;

essence of turpentine, 6 or 8 oz.

105. Mr. Knox proposes the following: — Bees'

wax, 16 oz. ; resin (best quality), 8 oz. ; turpentine var-

nish, 6 oz. ; vermilion, 3 oz.

106. The following composition appears to answer

the purpose best :—White wax, 2 parts ; Venice tur-

pentine, 2 parts ; Burgundy pitch, 1 part. This mass

melts at a low temperature, and penetrates very small

vessels ; at the same time it is flexible, and resists well

the action of the corroding liquids.

By taking equal parts of the same ingredients, a

firmer mass than the preceding is obtained, tenacious,

but less penetrating, and requiring a greater heat for its

fusion.

107. The materials of injections made with heat

should be added together in the following order :

—

common resin, wax, tallow. Burgundy pitch, sperma-

ceti, hogs-lard, Venice turpentine, expressed oils, and

last of all, the essential oils, on account of their vola-

tility.

COLOURING MATTERS FOR INJECTIONS.

108. Red.—Vermilion, or carmine.

Blue.—Indigo, Prussian blue, or Smalt.

Yellow.—Gamboge, or king's yellow.

Green.—Verdegris.

Black.—Lamp black.

To these various su])stances may be added also,

madder lake, alkanet, archel, chrome yellow, Indian yellow,

and the neutral chromate ofpotass. Of these, gamboge,

f2
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verdegris, alkanet, archel, and chromate of potass, are

all soluble in alcohol ; the same, with the exception of

alkanet, in water ; and all these, except archel and chro-

mate of potass in oily matters. The other substances

are not soluble in any of these menstrua, and must be

powdered for use. As these colours vary so much in

their properties, it is of course necessary to vary the ap-

plication of them according to the end proposed, taking

care never to place any of them in any preservative so-

lution, which will exert a solvent power on them. The

soluble colours are chiefly to be used for preparations

for simple investigation.

Vermilion is one of the brightest colours that can be

used, but it has the inconvenience of being very heavy,

and settling very fast. It does not combine well with

water, however finely powdered, but it grinds up very

well in any oily substance.

Carmine would be an excellent material if it were not

so dear, and if it did not loose its colour at a tempera-

ture of about 100° Fahr.

Madder lake is much better, it is much cheaper,

bears very high temperatures, and colours either oil,

water, or alcohol, equally well.

Alkanet root is useful in colouring oils, or alcohol,

for minute liquid injections ; 1 part of alkanet to ten

parts of liquid, digested at a 'gentle heat, give a good

colour, though a high temperature destroys this and all

other vegetable colouring matters.

Archel is a beautiful reddish purple colour, obtained

from the Roccella tinctoria ; it is soluble in water and

alcohol, but not in oils.
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There is no blue colour soluble in these three men-

strua, and fit for the finer injections ; others simply held

in suspension are necessarily used, and, fortunately,

there are some which may be divided so finely, that it

is almost impossible to tell whether they are in solution

or not ; these are indigo and Prussian blue.

109. Indigo requires some little preparation when
used for fine injections, it is not only more difficult to

powder than Prussian blue, but generally contains fo-

reign matters, such as sand, &c., which of course would

clog delicate apparatus. Only that of the best quality

should be used, known as Guatimala indigo, which has

the richest colour, but still requires to be freed from

sand. This may be done in the following manner:—
The first part of the operation consists of pounding the

colour, then enclosing it in a strong linen bag of close

texture, and allowing it to soak for twenty-four hours

in the liquid, which is to be used as the vehicle of the

injection mass. The indigo being then well softened, it

should be gently squeezed out through the linen into

the liquid, until the latter has acquired the necessary

tint. To get it still finer, if desirable, this liquid may
be allowed to stand till the grosser particles subside,

and then decanted ; this deposit serves very well for

coarser injections.

As water does not affect indigo, that which remains

longest in suspension may be allowed to settle, and the

water nearly all poured off. A large supply is thus ob-

tained, which, as it will not concrete under these cir-

cumstances, will always be ready for fine injections.

The process may be employed with any colour not al-

terable in the vehicle.
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For oily injections the same method is pursued, but

Prussian blue gives them a much better colour than

indigo, while the latter is best for water.

Prussian blue is prepared in the same way, and is

powdered with greater facility ; being heavier, it must

not be allowed so long a time to settle. A strong heat

turns it green, or even brown, especially when mixed

with resin or turpentine.

The colour from the last deposition is the best,

about xTo^^ ^^ ^^ ^'^^^ E^^^ ^ superb colour to oily

masses. Of indigo a larger quantity is necessary.

110. Verdegris, dissolving easily in alcohol, oils, or

water, is of course unfit for permanent preparations

;

but the same quality renders it peculiarly useful for fine

injections for mere research.

The green colour for preparations to be preserved,

is obtained by mixing indigo or Prussian blue, with

chrome or Indian yellow.

Lamp black is the finest colour that can be found ; it

may be divided almost to infinity in oils, 3-^th even

giving a dull black colour.

Gamboge has the same pecuHarities as verdegris, and

is used for similar purposes. The best yellow colour for

injections is Indian yellow, being light, and settb'ng

slowly ; it may be prepared like indigo, but is rather

expensive.

For common oily masses chrome yellow is the best,

being much cheaper than the last, but being also much
heavier ; it is deposited very quickly.

For preparations for study alone, a solution of neu-

tral Chromate of Potass in ten parts of water, is very

useful. Although limpid, it colours strongly, one part
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in 1,000 being still very perceptible. It is not soluble

in oily substances.

111. Straus-Durckheim says, it is usual to put a

great deal too much colouring matter into masses.

This is in a great measure, because they are not pro-

perly powdered ; for instance, Lauth indicates for cinna-

bar, Prussian blue, and indigo, ^th ; for gamboge, -j^th
;

for Cassel yellow -^th ; but for carmine only yxo^^ • ^^^

these quantities are far too great. The following are

what he employs, reducing them to the finest possible

powder. Of Vermilion -^th of the weight of an oily

injection, even yw^^ gives a very fair tint ; of indigo or

Prussian blue, of the very fine settlings, -g^th gives a

dark blue colour ; -r^^th of Prussian blue gives a fine

sky blue, while y^th makes wax appear almost black,

but in very small vessels, where the mass • becomes

transparent, the tint is a beautiful blue.

Of Indian yellow and madder lake j^th, or of

gamboge g^th, to get a good colour; and verdegris

ought to be a^th of an oily mass.

It is difficult to fix a proportion for alkanet or arcJiel,

as they are generally impure ; however, j^th of bruised

alkanet ought to give a bright crimson, and, with sper-

maceti, Y^th even a bright rose colour.

The above proportions, where not otherwise expres-

sed, are those necessary for white wax, which is opaque,

and the colours consequently rather duU. Tallow, more

diaphanous, receives from the same quantity a brighter

and clearer tint, while spermaceti, on account of its

semi-transparency, takes the most brilliant, but also

the least depth of colour.
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Colouring matters give to resins still poorer tints

than to wax, they being themselves coloured ; and the

colours are quite destroyed if more than a moderate heat

be applied to them.

To colour gelatine or albumen, colours soluble in

water are used, or which can be finely powdered, espe-

cially such as weigh least, as indigo, carmine, &c.

These, when obtained in fine powder, by the process

above described for indigo, may be preserved, as stated

there, in water, and this water will do to soften and dis-

solve the gelatine.

The proportions of colour for watery injections are

much the same as for oily ones.

To tinge gelatine or albumen, green indigo and some

yellow, particularly gamboge or Indian yellow are used.

Resinous injections, for preparations to be corroded,

or preserved dry, take a fine green from verdegris.

SECT. II.

—

Preservative Solutions.

112. The fluid most generally in use for preserving pre-

parations of animal substances is alcohol ; but as this is

very expensive, and, besides, occasionally causes so

much contraction as to render an object useless, many

attempts have been made to obtain other antiseptic

solutions. These attempts have as yet but partially

succeeded ; but the best of them w^U be mentioned.

Before, however, going into the composition of the va-

rious fluids, it will be as well to consider what are the

general requisites to be observed in using them.
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These liquids, while they hinder putrefaction, should

not be liable to contract mouldiness ; they must not act

chemically upon the preparations, either by dissolving

portions of them, or contracting them ; they ought to

be colourless ; those in which calcareous substances,

such as bones, &c., are placed, must not be acid ; neither

ought they to attack the instruments used in dissection

;

lastly, they must be cheaper than alcohol.

113. Alcohol,—The disadvantages of this fluid are

its price, and the property of corrugating animal struc-

tures ; but, in spite of these, it is universally employed,

as the only substance that can really be depended on.

Rectified spirit of wine, at 60° over-proof, diluted with

an equal quantity of water, is about the strength gene-

rally used ; for soft bodies, it must be much weaker at

first, and the preparation gradually removed into stronger.

In large preparations, the quantity of fluid in the sub-

ject must be taken into account ; but the best way is to

place them in spirit of the usual strength, and to change

it at the end of three or four weeks. Preparation jars,

containing spirit, are usually tied over with two or three

layers of bladder, having a piece of thin sheet lead be-

tween them, and afterwards varnished ; they should be

looked to frequently, as the expansion produced by

changes of temperature frequently causes cracks in the

cover, through which the spirit would evaporate.

114. Goadby's Solution.—This is perhaps the

best substitute for alcohol yet prepared ; the composi-

tion is as follows:—Bay salt, 4 oz. ; alum, 2 oz.; corro-

sive sublimate, 4 grains ; boiling water, 2 quarts, well

stirred together, and the solution filtered.
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115. Aqueous solution of alum, in the proportion of

alum, 1 part, pure water, 1 6 parts, preserves animal sub-

stances very well for a certain time ; all the parts retain-

ing their natural conditions to some extent, except the

bones, which are acted on by its acidity. Alum, 1 part,

water, 8 parts, injected into the arteries, render the

gelatinous parts, and even the muscles, capable of resist-

ing decay for a long time.

116. The tanners use a liquid which converts the ge-

latinous parts into an incorruptible leather : it contains

—

alum, 3 parts ; common salt, 1 part ; and water, 24 parts.

After the application of the preceding, they use a

paste to give suppleness to the leather. The one com-

monly employed is made as follows :

—

117. Maize flour, added to the solution given above

(U 116), till it has the consistence of a thin paste ; then,

the yolk of an egg for every six ounces of water, to be

well mixed, and applied to the inside of the skin.

118. Gannal's Solution—Acetate of Alumina.—
This liquid appears to answer all the required conditions

for the prevention of putrefaction ; but it is as dear as

alcohol, and, hke the alum solution above, dissolves cal-

careous matter. Straus-Durckheim, however, says, that

in the proportion—acetate of alumina, 1 part, rain water

deprived of air, 10 parts—the flesh of a calf was wholly

decomposed in less than a month.

119. Common Salt.—M. Al. D'Orbigny says, that the

Mollusca are well preserved in salt in a dry state. It is

occasionally used dissolved in water, but is very unsatis-

factory.

120. Aqueous Solution of the Sulphate of Peroxide
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of Iron has been employed for preservation ; but it at-

tacks osseous parts, besides rendering the preparation

brown, and destroying dissecting instruments. The

strength employed should be :—persulphate of iron, 1

part; water, 10 parts. But this substance is very^ useful

for coagulating the albumen-injections (H 95) it having

the property of causing a very abundant coagulam, con-

taining a large quantity of water, while alcohol and

acids make a flocculent precipitate. As it re-dissolves

the coagulum if too strong,—persulphate of iron, 1 part,

water, 100 parts—should.be employed.

121. Aqueous Solution of Corrosive Sublimate.—This

fluid possesses powerful antiseptic qualities, but it is

objectionable for preparations on many accounts. It is

neutralized by substances containing albumen, and des-

troys all metal instruments ; however, it is exceedingly

useful for dry preparations. For this purpose—corro-

sive sublimate, 1 part, distilled water, 16 parts—which

form a saturated solution, is injected into the vessels of

the part, which should be dried quickly. A solution of

the same salt, in the proportion of corrosive sublimate,

1 part, water, 50 parts, is used to moisten the interior

of large hollow preparations. To prevent the attacks of

insects, a certain quantity is poured into the cavity, and

the object turned about, so that it may penetrate all the

corners ; after it has remained in for some time, the pre-

paration is drained and dried.

122. Alcoholic Solution of Corrosive Sublimate.—This

is employed with great advantage to prevent the attacks

of insects, &c., which would otherwise soon destroy

dried preparations. The composition is—corrosive subli-
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mate, 1 part ; alcohol, 50 parts. The surface of the

object (perfectly dry) is lightly brushed over with this

liquid, which spreads rapidly, and penetrates all the

fissures ; the spirit evaporates quickly, and deposite

enough of the salt to poison any insects that may attack

the subject; at the same time, it does not soak into the

preparation sufficiently to soften it.

123. Aqueous Solution of Sulphate of Zinc.—A satu-

rated solution of sulphate of zinc, 14 parts, water,

10 parts—not only preserves the muscles, teguments,

cerebral substance, &c., of Vertebrata without injuring

the bones, but also does not become mouldy. It even

preserves these substances in a natural condition, in the

proportion of sulphate of zinc, 1 part, water, 10 parts;

but it is then liable to mouldiness: this may be pre-

vented by placing a little camphor on its surface. It

hardens the cerebral substance, which facilitates its dis-

section, but it dissolves albumen, so as to cloud the

liquid. It also possesses, according to M. Straus-Durck-

heim, the remarkable property of destroying all parts

but the teguments of caterpillars, while the perfect in-

sects are well preserved in it.

The larvae of B. Neustria, which have the body tufted

and brightly coloured, appear as if alive, although slightly

distended, in this liquid, but naked larvae become black.

All parts, except the nerves of perfect insects, are well

preserved in this fluid.

124. Aqueous Solution of Sal Ammoniac preserves the

muscular substance of Mammalia, but destroys dissect-

ing instruments rapidly. Muriate of ammonia, 1 part;

distilled water, 10 parts.
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125. Aqueous Solution of Dried Chloride of Calcium.—
Chloride of Calcium (dried), 1 part, distilled water, 5

parts, with a little camphor, preserves the muscles of

Mammalia pretty well, but oxydizes metallic instru-

ments, and is too dear.

126. Aqueous Solution of Nitrate ofPotass.—Nitrate

of potass, 1 part ; water, 10 parts, is occasionally used ;

it prevents putrefaction in muscles, but they become

brown.

127. Essential Oils.—These, especially that of tur-

pentine, preserve all parts very well, except the fatty

portions, which they dissolve. They render many
parts transparent (if previously dried), which is advan-

tageous sometimes, as in injection of the lymphatics vdth

mercury, but they are seldom used.

128. Naptha, used in the proportion of naptha, 1

part, water, 7 parts,—is said by Mr. Babington to form

a good solution.

129. Kreosote.—26 drops, in a wine-glass full of

distilled water, forming a saturated solution, preserves

well, but renders the preparation brown.

Miscellaneous Fluids.

130. Acid Menstruum.—Acids are frequently re-

quired to dissolve the calcareous portions of animals,

such as bone, shells, &c. The best are the following,

as they leave no precipitate :—Hydrochloric acid, 1 part

;

water, 4 parts, by weight ; or nitric acid in the same

proportion.

131. Alkaline Leys. — These serve to convert
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grease into soap, to render it capable of drying, and to

make the preparation cleaner. They are :

—

Weak Ley, composed of carbonate of soda (the soda

of commerce), 4 parts
;
quick lime (in powder), 1 part

;

water, 100 parts. The mixture is to be stirred well

several times during two or three days, and the car-

bonate of lime being allowed to deposit, the clear liquid

is poured off for use.

Greasy bones, where the medulla oozes out, may be

placed in this, and left from a week to a fortnight, and

when they are seen to be sensibly less yellow (for they

will never become quite white), they are to be boiled for

a quarter of an hour in the same ley, to facilitate the

combination of the grease with the soda. They must

then be well washed in clean water, and dried. As this

ley will at length attack the gelatine, the bones must not

be left too long in it to whiten. To saponify spots of

grease on the surface of preparations, little pieces of

cotton, impregnated with this ley, may be placed on

them.

132. Strong Ley only differs in the quantity of water,

of which 50 parts are used instead of 100, as in the

weak ley. It is injected into the cavities of bones, to

saponify the remains of the medulla.
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CHAPTEE IV.

UPON THE PEESERVATION OF ANATOMICAL PRE-
PAEATIONS.

133. After having so disposed of the different organs

in dissection, that every part worthy of notice may be

satisfactorily displayed, it is convenient to preserve such

preparations for the purposes of reference or demonstra-

tion ; and this may be done in two ways, either by dry-

ing, or else placing them in some antiseptic fluid.

The first method is generally employed for all solid

parts, which do not lose their essential characters by

dessication, such as bones, scales, horny substances, the

testaceous crusts of articulated animals, the shells of

Mollusca, and those of Zoophytes.

Membranous parts may be preserved dry, for seeing

their form and position ; and lastly, certain preparations

of muscles also, but these become so much altered by

the process, that their colour and relations are scarcely

recognizable.

Dried parts unaffected by the air, but liable to the

attacks of insects, as hairs, feathers, membranes, liga-

ments, and integuments, even when the latter have been

tanned, require to be washed over either before or after

dessication, with corrosive sublimate (IT 122).
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134. Solid parts which curl up much in drying, are

commonly preserved wet ; though they may al^o be pre-

served dry, when it is sufficient for seeing them in their

natural state, to soak them in water some hours, when
they swell out and assume their original form. This is

the case with the white and yellow cartilages of the

Vertebrata, those of the Cephalopoda, the gelatinous

base of the bones, the calcareous peirt of which has been

dissolved in acid ;, but not with the cartilage forming the

base of the foetal bones, nor the membranes of the fins

of fishes, which soften a little, but never swell out like

the former. Soft organs, such as muscles, if wished to

be kept in the dry state, should be impregnated with

some embalming substance, to prevent decomposition,

and protect them from insects.

135. Other soft organs, and muscles amongst others

should always be preserved in fluid, being excluded there-

in from the action of the air, oxygen in particular fa-

vouring putrefaction, and from the sun, which blanches

or otherwise destroys their colour.

When an anatomical specimen is not very thick, and

is subdivided into several portions, the preserving fluid

can easily penetrate throughout, whether the vessels are

left open or filled with injection ; but in entire animals,

where, during warm weather, putrefaction might com-

mence in the centre before the fluid had time to get

there, it is necessary to make a small aperture in the

thoracic and abdominal cavities, and inject some of

it into their interior. Among articulated animals

this precaution is seldom necessary, except in the large

Crustacea, whose shell admits the passage of liquids
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with difficulty from without. For other animals we
must be guided by circumstances.

136. As preserving fluids, especially alcohol, are

generally of an astringent quality, they should not be

used too strong, as in that case they corrugate the

organs ; nor too weak, lest, by combining with the fluids

from the animal bodies, their power of resisting putre-

faction be lost. To avoid both these inconveniences,

the liquid must be employed in the most suitable

strength for preserving, and be changed at the end of

fifteen days or a month.

Preservative Vessels.

137. Preparations are preserved in glass jars, from

their transparency allowing all parts to be distinctly

seen ; those which are solid enough to support them-

selves are simply placed in the bottle, but others,

which are too soft and delicate, require artificial sup-

ports. These may consist of plates of yellow wax, upon

which the object is fastened with pins ; but this me-

thod has two great disadvantages— that of the pins

not adhering firmly to this substance, and the prepara-

tion so becoming easily detached and falling down, or

oxydization occurring, and the verdegris colouring and

obscuring the liquid after some time.

M. Rousseau employs, instead of the above, small

pieces of poplar wood, which is white and very soft,

less expensive, more easily worked, and aitording a more

secure hold to the pins. For organs of a dark hue,

the natural colour of these plates does well enough for

G
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setting them off; but when white, as nerves and mem-
branes, it is best to fix them on black plates, painted in

oil, or with some black silk stretched over them.

138. Instead of brass or steel pins, M. Straus-

Durckheim uses different kinds of vegetable spines, such

as those of the Cactus and allied genera, or even fish

bones, but as they are generally not very strong, holes

should be made in the plate for their reception. Silver

pins may also be used with advantage, from their soli-

dity, but are very dear.

139. The preparations being very often specifically

lighter than the fluid, especially when fixed upon the

plates, they must be kept submerged by resting the latter

against the lid, or else attaching lead or glass weights

to certain parts of them.

Other preparations which are heavier than the fluid,

would fall to the bottom unless supported, and for this

purpose hollow balls of glass are employed which have a

small hook beneath, to which the specimen is suspended

and by which it floats, but simple cross pieces of wood

fixed by a grove in the upper part of the jar are preferable,

as being firmer and less expensive. Round discs of glass

or wood with a cord passing through the centre may also

be used. The jars containing the preparations should

not be quite full, so that in case the liquid expands, the

air may be compressed without their breaking ; neither

must the preparations themselves be exposed to the light,

or if so, as in public collections, kept at least from the

sun, which would give rise to a rapid elevation of the

temperature of the liquid, and consequent bursting of

the bottles.
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140. As dissections must be often laid aside to be

resumed at some other time, vessels are required for

placing the preparations in. When the liquid in which

the latter are immersed does not easily evaporate, a

common trough will answer the purpose ; but for alco-

hol, which soon loses its strength if the jar is not very-

well closed, round or square zinc boxes may be used,

with the upper border rather wide and deep, and shut

by a lid, the margin of which enters that of the box, so

that a skin impregnated with oil and wax can be laid be-

tween the two, and the box be thus rendered air-tight.

For very small preparations, the best store jars are

simply glass bottles with ground stoppers, in which they

can be put ready fixed upon the plates, but as they are

very dear, circular jars more or less deep, like dissect-

ing basins, the apertures of which are closed by pieces of

cork having the pores stopped up and soaked some time

in melted wax, mixed with a tenth of olive oil, will be

sufficient. Gallipots will also do, the edge of the lid

being surrounded with a strip of leather steeped in

melted wax, so as by its elasticity to close the jar. But

the most convenient temporary covers are made of sheet

caoutchouc, which must be warmed and stretched tightly

over the vessel, and kept in place till cold by string ; by

this means, an elastic cover is formed, which retains its

shape and is exactly adapted to the mouth of the jar.

141. It is not necessary for the specimen to be fully

immersed in alcohol, as the vapour from a little of it

at the bottom of the jar will preserve the specimen a

long time.

142. Bottles, Glass Jars, &c.—These are of dif-

G 2
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ferent kinds and shapes, but generally cylindrical. Some
have a deep circular neck, the rim of which is folded

out horizontally. They are very useful, and met

with everywhere in the shops. The best sort, how-

ever, are those with no neck, and the rim turned

abruptly outwards into a very flat circle. In some,

again, the aperture is funnel-shaped; but these have

the disadvantage of the lid never sticking in properly.

As to those bottles with apertures narrower than the

belly, the common ones, which shut by a cork, are to

be preferred, for those with a glass stopper, though

certainly the best, are too dear.

Flat, round, or long glass jars, must be used accord-

ing to the form and thickness of the preparations. The

very long jars should be provided below with a foot, to

prevent their upsetting. For large anatomical speci-

mens, square basins, formed of flat plates of glass,

united at their angles by means of a cement (*fI145),

which is not attacked by the liquids contained in them,

are also used. But they should have their edges

strengthened with a wooden or metal frame work, as

this cement, without some such support, is hardly suf-

ficent for keeping the sides together ; the whole rests,

and is let into a wooden stand. These troughs are very

useful for receiving large preparations, for which round

jars could not be used ; but they possess the great dis-

advantage of being very expensive, and not allowing the

objects to be seen through their sides, or even the top,

the inner surface of which is covered with a multitude

of liquid drops deposited by the vapours. Mr. Goadby

completely fills the glass box, so as to get over this dif-
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ficulty ; but even in his method there is danger of the

preparation being obscured, the salts of his preserving

fluid depositing in a cloud on the glass.

143. Lutings and Stoppers.— Under this title are

included the different methods employed for closing up

the jars containing anatomical preparations. Small

bottles with necks require merely to be stopped with a

cork, which should be as little porous as possible, and

may be steeped some days in poppy oil, so as to pene-

trate and fill up the pores ; the larger holes can be

stopped with putty.

Bladders are in constant use for tying over the

mouths of jars. Sheet caoutchouc forms a very excellent

substitute for closing jars containing other fluids than

alcohol ; where the preparation may be wanted out of

the jar occasionally for examination, the Mackintoshed

muslin is very convenient.

Lithocolle.— This cement is composed of common

resin, red ochre, oxyde of iron, yellow wax, and turpen-

tine oil, the proportions of which are varied according

to the consistence required. The wax and resin are

first melted, then the red ochre is added, and the whole

having been stirred with a wooden spatula, and well

boiled for a quater of an hour, the oil of turpentine is

poured in, and ebullition continued for 8 or 10 minutes.

This operation should be performed in a vessel three or

four times larger than the quantity of cement to be pre-

pared, so that the latter may not catch fire, and with a

handle, so that it may be easily removed. Common
Burgundy pitch, to which a certain quantity of turpen-

tine oil is added to give the mixture a better consistence,

may also be used.
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144. Glues.—For fixing very small dried objects

upon paper or plates of glass, the following different

substances are used :

—

White of Egg, which does not,

however, stick well to glass, and spHts in drying.

Starch ; this has the disadvantages of not adhering to

smooth animal textures, and of turning opaque. Melted

Sugar, employed by M. Dujardin ; and which consists of

sugar of second quality (not perfectly refined), boiled

till no longer crystallizable, and used afterwards dis-

solved in cold water ; it is, however, difficult to pre-

vent its crystallization or conversion into sugar-candy.

Gum Arabic, dissolved in water, is particularly useful

;

it may be preserved in the state of mucilage for a long

time ; adding a few drops of any essential oil to prevent

its getting sour. Powdered gum made into a mucilage

with distilled vinegar, forms a very powerful cement ; a

little calomel added to this gives it greater consistence,

when desirable.

145. Marine Glue is a substance lately invented,

which is exceedingly useful in cementing together the

glass basins (49-142), &c.; but it will not withstand the

action of alcohol. It is made of caoutchouc and shellac,

in the following manner, but may be obtained ready for

use :—Dissolve 1 pound of caoutchouc in 4 gallons of

coal naptha; 1 pint of this solution is mixed wdth

2 pounds of shellac, which forms a substance, when
cold, resembling sealing wax. It is applied, by making

the parts to be joined very hot, then covering them

with the cement, and pressing them tightly together

till cold, when the superfluous portions may be cleaned

off with liquor potassce.
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CHAPTEE I.

PRELIMINARY OBSERVATIONS ON THE OPTICAL PRIN-

CIPLES CONNECTED WITH MICROSCOPES,

146. A DETAILED account of all the optical phenomena

which have to be taken into account in the construc-

tion of an achromatic microscope, would scarcely come

within the province of a work like the present ; but as

the relative advantages of the different kinds of instru-

ments cannot be properly understood without an ac-

quaintance with the optical principles on which they are

founded, it has been thought advisable to give a brief

summary of them here, in order to render this article as

complete as possible. Those who wish for a more

minute account, are referred to the excellent article on

the microscope by Mr. Andrew Ross, in the Penny

Cyclopcedia.

147. It is presumed that the reader is acquainted

with the property which transparent bodies possess, of

refracting or bending out of the straight line the rays

of light passing through them. It is on this property

that the action of magnifying glasses depends. It is a

known law of refraction, that rays of light passing from

a rare into a dense medium are refracted in a direction

perpendicular to the surface of that medium, and vice
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versa. This will be understood by referring to the

diagram (fig. 20). A A are rays of light proceeding in

-p. ^Q a direction parallel to

each other, and im-

pinging on the surface

F B G. On entering

the denser medium they

are refracted towards

the point D, the lines

B D being perpendicular to the surface F B G ; but not

being refracted quite to the perpendicular, they converge

to the focus at E ; B C the course of the rays if unre-

fracted. If the rays are allowed to re-enter the air by

a plane surface, F G, the effect will not be much altered :

this constitutes a plano-convex lens.

148. But if the rays re-enter the air by another

convex surface they will be made to converge still

more, as, in passing from a dense to a rare medium, they

will be refracted from the perpendicular. Thus, in the

Eig.21 diagram (fig. 21) AB
are rays of light pass-

ing in a parallel direc-

tion through glass, to-

ward the convex sur-

face F B G. B H are

radii prolonged from

the centre 0, perpendicular to the curved surface at the

several points B B ; and B E the course of the rays in

consequence of being refracted/rom the perpendicular ;

B G the course of the rays if unrefracted.

149. Thus the effect of a second convex surface will
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be exactly the same as that of the first, the opposite

direction of their surfaces being counterbalanced by the

different conditions of the refraction. Hence the focus

or point of convergence of the rays, in a double convex

lens, will be just half the length of that of a plano-

convex ; or, in other words, for parallel rays, the focus

of a double convex lens will be the radius of its sphere

T"%.22

of curvature (fig. 22,) while that of a plano-convex will

be its diameter (fig. 23).

150. Fig 22 also shows, that as a convex lens will

bring parallel rays to a focus in the centre of the circle,

it must cause rays diverging from that focus to take a

parallel direction. Again, by the same law converg-

ing rays will be brought to a focus at a point near

theconvex surface

fig. (24), while the

focus for diverg-

ing rays will be

more distant (fig.

25) than the focus for parallel rays ; this latter point is

called the principal focus. The converse of each of

these positions of course holds good.

These principles are equally applicable to plano-con-

vex lenses, always remembering that their principal fo-

cus is equal to the diameter, instead of the radius, of the

sphere above referred to.
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151. Concave lenses act in a manner exactly oppo-

site to convex, their principal focus being termed the

negative focus.

152. En the foregoing remarks we have treated the

rays of light as if each pencil issued from a single lumi-

nous point, and that point coincident with the axis of

the lens ; now if this point be situated above the axis the

focus will be below it, and vice versa, and every luminous

body being regarded as comprehending an infinite num-

ber of such points, each radiating a pencil of rays, re-

fracted in the manner already described, a perfect but

inverted image of the said luminous body will be formed

on any suitable surface placed in the focus to receive

the rays.

It will be evident from the diagram (fig. 26), which

A 1\ lfiff.«>6 M ^^ founded on the propo-

sition set forth in H 149,

that an object placed twice

the distance of the prin-

cipal focus, will give an

image of the same size at

the same distance on the other side of the lens.

Again by fig, 27, founded on fig. 25, the object

being further off the image
Tig.27.

^\i

will be nearer and larger,

and vice versa. The larger

the image in proportion to

the object, the less light

will be obtained, as only

the same number of pencils of rays are concerned, these

being spread over a larger surface.
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-An.B

153. These facts being understood, the action of

simple magnifiers will be easily seen, but there are seve-

ral imperfections which render their use very limited

unless corrected, and it is to the perfection to which the

correcting processes have been carried, that modern mi-

croscopes owe their great superiority. For the proper

comprehension of the means by which this has been ac-

complished, some account of the nature of the imper-

fections will be necessary.

154. From the nature of the surface of an ordinary

lens (a portion of a sphere), all the rays do not meet

exactly in the foci above mentioned, this will be seen by

fig. 28. A B, a ray

falling near the circum-

ferance of the lens will

be brought to a focus

at F, while (a b) rays

falling near the centre

do not converge to a

focus nearer than/; thus we cannot get all the rays into

focus at once, and an indistinct image is the result.

This is what is termed spherical aberration. Lenses of

other curvature than spherical have been proposed in

order to get rid of this error, but the difficulties in the

way of manufacturing such, caused the idea to be

abandoned.

155. The v/ay in which common simple lenses of

high power are mounted, exhibits the usual method of

attaining something like correction ; this is done by

placing a diaphragm or stop behind the lens, which cuts

off the greater part of the peripheral rays, the stop
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being a plate with a small circular aperture. By this

means a certain amount of defining power is obtained,

but it is only at the expense of light and penetration ;

that is, as the aperture is diminished the number of

pencils of rays is proportionately reduced, and this re-

duction of their quantity prevents the surfaces of objects

from being properly seen.

The single lens having the least spherical aberration

is a double convex, having the radii as 1 to 6, with its

most convex face turned toward parallel rays.

156. The next difficulty is the chromatic dispersion,

as it is called, arising from the well known difference in

the refrangibility of the various rays entering into the
' The
trate

composition of common light. fig. 29 will illus-

this. Parallel

rays of light, A B, fall-

ing on a convex lens

will be decomposed, as

in the spectrum formed

by a prism, but in a

less degree ; the violet, the most refrangible rays being

brought to a focus at C, somewhat nearer the lens than

the principal focus, while the red rays on the other hand

will have their focus D more distant ; by the principal

focus is here meant the mean focus, or focus of least

aberration, which is at E E.

The contraction of the aperture of the lens is here

again made use of, as the dispersion will evidently be

greatest where the rays have their course most altered ;

but as this afi'ords but partial correction, and that under

very disadvantageous circumstances, other means have



ANGLE OF VISION. 95

been sought out, and fortunately for microscopic science

have been found : these will be noticed hereafter.

157. By magnifying power is meant, not a power of

increasing the size of an object, but of increasing the

size of the image of that object formed upon the retina,

which depends upon the size of the angle formed b}'- the

rays converging from the extremities of the object to the

eye ; in the diagram (fig. 30) this will be seen. A re-

l>: a^ Fig. 30.

presents an object 10 inches from the eye ; B one of

equal size 20 inches distant ; then, from the laws stated

in the foregoing pages, we shall have the image a' a'

twice (or nearly so) as large as the image b' b' on the

retina, these images bearing the same proportion to each

other as the angles a a C, b b C, which sublend the eye.

These angles are what are called the angles of vision.

158. Now the same distance which determines the

size of the angles of vision, also determines the size of

the angles of the pencils of light, which give rise to the

act of vision. By reversing the conditions of the former

diagram, as in fig. 31, this

is exemplified. a a and

b b are two objects placed

at the same relative dis-

tance as before ; now it

Pig. 51

will be seen that the angle of the pencil of light derived
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from A (and the same takes place with the pencils from

all other parts of a a) will be double that proceeding

from the point B, so that the object a a will be seen by

four times the light that h b will, always supposing them

to be equally illuminated. But then, as the area of its

image is also increased four times (see fig. 30, it is there

said to be twice, but that is by linear measurement for

the sake of simplicity), that image will receive no in-

crease of illumination from the increased angle.

159. These facts being admitted, the action of a

single lens will be readily understood. The eye is

formed in such a manner that it possesses very consider-

able power of adjustment, so that it can receive a dis-

tinct image from objects whose distances vary to a great

extent ; but there is a limit within which it does not

possess this power, from the fact that it is constructed

to receive parallel or slightly divergent rays ; therefore,

when objects approach very close, the rays are so diver-

gent that it looses many of them, and consequently the

image is undefined. The average distance of this limit

is now generally stated to be 10 inches ; we say the

average, because in short- sighted persons it is frequentl)''

not more than 4 or 5, and in age sometimes as much as

30—depending as it does on the peculiar formation of

the eye in each individual. Now when we place a con-

vex lens between the eye and the object, this lens

receives those divergent rays which would be otherwise

lost, and refracts them so that they are conveyed to

the retina, as is shown in fig. 32 ; the rays, after re-

fraction, assume the direction of rays diverging from

an object at 10 inches distance, C D, and are received
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by the eye as such. The difference between the object

at A B, and the imaginary one at C D, is called the

magnifying power, and evidently depends upon the focal

length of the lens, the object A B being placed nearly in

its principal focus.

The 10 inch standard has another advantage in prac-

tice, as a cipher added to the denomination of the frac-

tion denoting the focal length of a lens, will give its

magnifying power—a lens whose focal length is yV^^ °^

an inch, being said to magnify 100 diameters, or 10

times by linear measurement.

160. We have here another fact to consider. In fig.

31 was shown, that as an object was removed from the

eye, the size of the pencils of light diminished ; now
something like the same circumstance takes place when

an object is magnified ; for, if we use an inch lens, we
get an image ten times the size each way, at apparently

ten times the distance, over which the pencils of light

from the object have to be spread, consequently great

want of light is experienced. Again, to allow all those

rays shown in fig. 31 to pass through the lens would be

incompatible with distinct vision, from chromatic and

spherical aberration, so that here the stop or dia-

phragm would come into use, diminishing still more the

H
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size of the angles of the pencils of light. It becomes

necessary then to devise some means by which the aper-

ture can be increased so as to give penetration without

loosing distinctness, or definition. The methods adopted

for this purpose we shall next proceed to describe.

161. Dr. Wollaston's Doublet (fig. 33).—This

consists of two plano-convex lenses.

Eg-. 33 whose focal lengths have a proportion

^^.^==^ of about 1 to 3, the lens of shortest

____ __™„ focus being placed next the object,

and the convex surfaces of both di-
'""

• rected towards the eye. A stop is

placed between them. The action of

this combination will be best understood by the diagram,

(fig. 34) . P is a portion of the pupil, D D the diaphragm

or stop, and L O L the object. It will be seen that the

pencils of light issuing from the extremeties (L L) of the

object cross in the stop, so that they pass through the

upper lens on the opposite side of the axis (P 0) to that

which they passed through in the lower one, and thus

are affected by opposite errors, which to some extent

neutralize one another. Thus, in the case of the pencD

L, which enters the eye at R B, R B, this is bent to the

right at the lower lens, and to the left at the upper,

and as the blue rays (the most refrangible) are altered

in their direction at each bending, and moreover, as the

greater focal length of the second lens is compensated

for by the blue rays falling nearer its margin where the

refraction is greater than at its centre, the different

coloured rays will emerge nearly parallel, and conse-

quently colourless to the eye.
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The fact of the ray which in one lens passes next

the centre, passing next the margin in the other, also

diminishes the

spherical ab- ^ ^''

erration.

This explana-

tion, however,

applies only to

the pencils

nearest to the

extremities.

The central

pencil will oc-

cupy the same

relative posi-

tion in both

lenses, and, of

course, the

corrections

will be imper-

fect ; the in-

termediate

pencils will vary in degree between the two, so that

there is always a great deal of aberration in the most

perfect doublet. But these errors are trifling compared

with those of a single lens, so that we can get an angle

of aperture of from 35^ to 45°, without sacrificing

much definition. By the angle of aperture is meant the

angle of the apex of the pencil of rays admitted by a

lens.

1 62. The next improvement in the simple microscope,

H 2
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was the triplet of Mr. Holland (fig 35), which diflPers

P_.
3g from the doublet in having two lenses

(placed close together) beneath the

stop, instead of one. The first bend

being accomplished by two lenses in-

stead of one, the aberrations are dimi-

nished, so that the second bending

more completely balances them. Thus the triplet is

really a doublet in its action, the first pair merely per-

forming the same office (but more perfectly) as the

lower lens in the WoUaston combination. The errors

are still further reduced by the nearer approximation to

the object which causes the refraction to take place near

the axis. With the triplet, a pencil of 65° may be ob-

tained, with distinctness, as also a more intense image.

163. The Coddington lens consist of a sphere, with

a grove cut round it, filled with opaque matter. This

gives a large field of view, which is equally good in all

directions, as all the pencils must pass through under

exactly the same circumstances, but its definition is not

equal to that of an achromatic or even a good doublet,

so that it is only employed as a hand lens, where much
power is not required. It is the more adapted for this

purpose from its spherical form, as the position it is held

in, is of little consequence.

164. The Compound Microscope.—The simple

microscope, as above shown, may consist of one, two, or

three lenses, while the compound instrument must con-

sist of two at least. In the triplet already mentioned,

the two anterior lenses act merely as one, while the third

only modifies the rays of light before they reach the eye.
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But in the compouRd microscope the lenses act in a

different manner ; the lower one receives the rays from an

object, and forms an image of that object by bringing

them to a new focus ; this image is treated as an origi-

nal object by the second lens, and magnified by it as in

the simple microscope.

Thus in fig. 36, the rays proceeding from the object

A B are acted upon by the lens C D,

and brought to a focus at B A ; not being

intercepted here, they cross and proceed

as from a new object, till they reach the

lens L M, and are acted upon as in the

simple microscope, and brought in nearly

parallel lines to the eye at E. The rays

M E, being part of the cone of rays

CAD issuing from the point A of the

object, it is evident that the angle L E M,
under which the eye will see the magni-

fied image, must be much greater than

the object could be made to occupy in

the naked eye, at any distance within the

limits of distinct vision.

The magnifying power of a compound
microscope depends on two circumstan-

ces ; first, the ratio between the anterior

distance A C, or B D, and the posterior focal length C B,

or D A ; secondly, the magnifying power of the eye-

lens L M.
From the first of these two facts, it will be seen that

a great variety of powers may be obtained with the same

lenses, by increasing the ratio between the distance of
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the object and the image, and from the second, that this

ratio being fixed, any increase of power may be obtained

by increasing that of the eye-glass. Moreover, by di-

viding the magnifying power between the two, in diffe-

rent relative proportions, almost any distance (within,

certain limits, of course) may be obtained between the

object and the object-glass. This constitutes one of the

valuable peculiarities of the compound arrangement, and

then there is the large field or angle of aperture that may
be obtained, compared with a simple microscope, t\ih field

being nearly equally good all over, while that of the

simple instrument is only good in the centre. The field

is farther increased by using two lenses at the eye-end,

forming together, what is called, the eye-piece.

But with all these advantages, the compound micros-

cope was of little real use, owing to the great amount

of chromatic and spherical aberration, until a few

years ago.

165. Modern ingenuity and perseverance, however,

have furnished science with what may almost be called

a perfect instrument. A detailed account of the nature

of the corrections in modern achromatic object-glasses,

would take up too much space in the present work.

A paper on the subject, by the discoverer, Mr. J. J.

Lister, will be found in the transactions of the Royal

Society for 1829 : this paper is transcribed in Mr. Ross's

article, in the Penny Cyclopoedia.

By a skilful combination of double convex, and plano-

concave leaves, made of glass of different densities, and

cemented together, Mr. Lister succeeded in producing

object-glasses, which had two foci in their axes on one
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side, for rays proceeding from which they were truly

corrected at a moderate aperture; beyond these two

points, they are under-corrected—between them over-

corrected.

The correction of chromatic aberration, as well as

spherical, tends to excess in the marginal rays.

By over-correction for chromatic aberration, is

meant, that the image formed by the blue rays is pro-

jected beyond that formed by the red, which is just the

opposite of what occurs in a simple lens. The use of

this will be seen,

in the description

of the action of

the Huyghenean

eye-piece.

166. The ac-

companying dia-

grams (figs. 37,

38) show the ac-

tion of a compound

achromaticmicros-

cope ; the interme-

diate portion of the

body is omitted for

the sake of conve-

nience. AAAare
three achromatic

lenses, forming the

triple object-glass.

FF the field-glass,

and E E, the eye-glass, form the Huyghenean eye-piece.
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Three rays drawn from the centre,
Tig". 38

and three from each end of the object

O, show the course of the light. These

rays, if left to themselves, would form

an image somewhere between the dot-

ted lines B B and R R; but, being

bent inwards by the field-glass F F,

they form the image between B' B'

and R' R', where a stop cuts off all

light not required for the formation of

the image ; the eye-glass E E then

acts on the image, between B' B' and

R' R', as a simple lens, converging the

rays so that they may all reach the

eye.

But this is not all that takes place. The object-glass

being over-corrected (the purpose of which will be pre-

sently seen), the pencils of rays L M N would form a

series of coloured images, from R R to B B. It will be

seen, that the images here formed are curved in the

wrong direction to be seen distinctly by a convex eye-

lens, but the field-glass F F, while it converges them to

R' R' and B' B', also reverses their curvature and gives

them the form best adapted to the lens E E. The field-

glass has, at the same time, brought the blue and red

images closer together, so that they are adapted to pass

uncoloured through the eye, the eye-lens altering them

still more, so that they emerge from it in nearly parallel

lines. This explanation will show why the object-glass

is over-corrected. If the rays proceeding from it were

achromatic, they would become coloured in passing
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through the field-glass, and the blue rays would be

brought to a focus at h, and the red at r, while the eye-

lens requires the opposite effect, its blue focus being the

shorter. But, by the over- correction as above shown,

the blue rays B B, are projected beyond the red R R,

just as much as the sum of the distances between the

red and blue foci of the field and eye-glasses, and the

separation B' R' is exactly overcome in passing through

those two lenses.

Again, the blue image is rendered smaller than the

red by the field -glass, on account of the superior refran-

gibility of the blue rays.

In figure 37, in the pencil N, the whole lines pro-

ceeding from the field-lens represent the red rays, the

dotted the blue. This separation, like the over-correc-

tion of the object-glass, leads to more perfect correction

ultimately, for it causes the blue rays to fall so much
nearer the centre of the eye-glass, that they are of

course less refracted than at the margin; thus, the

spherical error of the eye-glass almost perfectly balances

the chromatic dispersion of the field-glass, jjg, 3 9

and the rays N' N" emerge nearly parallel.

This holds good in all the intermediate

colours and pencils.

167. When the magnified image is'to

be measured, the micrometer eye-piece

of Mr. Ramsden is used. The arrange- p^

ment of the glasses in this will be seen

by the diagram (fig. 39). The rays

from the object are made to converge at

A A, in front of the field-glass, where is also placed a
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plate of glass with engraved divisions of y^tli of an

inch or less. These lines come into focus with the image

of the object, so that they are seen together, and the

measure of the magnified object is found at once.

CHAPTEE II

MICKOSCOPES AND THEIR APPARATUS.

SECT. I.

—

Mechanical Construction.

1 68. Not the least important part of a good microscope,

as far as regards convenience to the operator, is the

stand ; but it would be impossible to notice here half

the kinds that have been proposed, so that we shall be

content with mentioning those essentials which all

should possess, leaving out the details of arrangement.

All the chief makers have some peculiarities in their in-

struments, each having its advantages, according to the

purposes to which it is applied. The chief requisites

appear to be:— 1. Steadiness, as every vibration becomes

a considerable inconvenience in using high powers

;

this is only to be gained by making the different parts

of considerable strength, which must necessarily increase

the weight j accordingly, if portability be an object, a
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medium between these two must be found. 2. Simpli"

city of arrangement will be found of no little conse-

quence by the microscopist, the multiplicity of parts

causing considerable delay in getting the instrument

into working order. 3. The motions for focal adjust-

ments should in all cases be independent of the stage

bearing the object ; this is a most important considera-

tion, and indeed is recognised as such by all the first

makers. It is also exceedingly convenient to be able

to give the body any degree of obliquity ; the old up-

right microscopes were very disagreeable, and even

injurious to the sight, on account of the uneasy posi-

tion the operator was compelled to take.

169. Compound microscope stands now usually

consist of a tripod with an upright pillar (sometimes

two), having a hinge or cradle-joint at the top ; this

bears a bent bar carrying, below, the stage and mirror

with the condensing apparatus, above, the body which

rests in a great part of its length upon it, and has a rack

and pinion movement.

1 70. In some, the pillar supports a block, bearing the

stage, and having a stout tube fixed into it below, on

which the mirror, &c. slide ; through the block and tube

plays a triangular bar, having a rack cut in it, worked

by a pinion in the block. This bar has a horizontal arm
fixed to it, into which the body screws. Here there

will of course be great vibration, but the instrument is

very much more portable than the other kind.

The fine adjustment is obtained at the lower end of the

body, and its milled head being graduated, the thickness

of objects can be measured by it.
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Kg".40.

171. In tlie best microscopes the stage is fitted with

apparatus by which motion is obtained in all directions

horizontally, by moving two milled heads ; this, except

for very high powers, may be looked upon as a luxury.

The mirror should be large and capable of all kinds of

motion.

172. Condensers.— Between the stage and the

mirror ^or the illuminating body, if the mirror be not

used) is applied the apparatus for condensing the hght

upon the object. This is constructed in various ways.

The WoUaston condenser (fig. 40) consists of a tube

containing a double convex lens

A B, at its upper end (capable of

elevation or depression, within cer-

tain limits), and having a small

aperture, C D, at the bottom.

This fits below the stage and the

light is reflected from the mirror,

E F, up through the aperture,

forming an image of it at the

angles formed by the rays passing

upwards from A B, which are sup-

posed to coincide with the place

where the object is situated ; some-

times the object is best seen when

these angles are beyond it, and

sometimes when below it, their

adjustment for this is made by moving the lens A B.

The achromatic object-glass next in power to the one in

use, is now generally used instead of the lens A B, and

produces a splendid illumination ; to be perfect, a com-
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bination exactly equal to the object-glass in use should

be applied, but this would be very expensive, requiring

a duplicate set of object glasses, which are the most

costly parts of a microscope.

173. Stops, or diaphragms below the stage, are

often useful in cutting off extraneous light even when

no condenser is used,

174. LiEBERKUHNs.—Thcsc are silver cups for re-

flecting the light, sent up from the mirror, or a lamp,

on to opaque objects ; they slide over the object glass,

and produce a vertical illumination upon the object in

their focus. For some purposes a side lens is better for

condensing the light upon opaque objects, as it pro-

duces shadows which give an idea of the true form of

elevated portions.

175. Illumination. — Light upon a white cloud

opposite the sun, is the best daylight, an Argand lamp

the best artificial ; a large condenser or bulls -eye is use-

ful in converging a greater number of rays on the mirror

from the illuminating body.

176. Micrometers.—It has been already stated that

10 inches is taken as the standard of sight, in measur-

ing the power of microscopes. For this purpose it is

usual to place upon the stage a scale divided into cer-

tain known degrees (say y^ths of an inch), and when
this is brought into focus, to hold a foot rule, divided

into yVths of an inch, at the distance of 10 inches from

the disengaged eye, moving it horizontally, until one or

more of its divisions correspond with a number of those

on the magnified scale. A comparison of the two gives

the magnifying power. This must be done with each

object-glass.
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To find the value of a micrometer it is necessary to

apply the micrometer eye-piece with its graduated plate

of glass, and to place upon the stage a scale whose

value is known, observing how many divisions on the

scale attached to the eye-piece correspond with one of

those of the magnified image. If ten of these cor-

respond to one, and the divisions on the two scales are

equal, then the image is ten times larger than the object,

and the object t^n times smaller than is indicated by the

micrometer. This proportion is constant for the same

object-glass, so that, substituting an object for the di-

vided scale, on the stage, the size is found at any time

by mere inspection.

177. Polarizing Apparatus.—This consists of two

crystals of Iceland spar, or single image prisms, as they

are called ; one of these is made to fit on above the eye-

piece, and the other below the stage. These convert

the microscope into a perfect polariscope, which is likely

to become of great utility in the investigation of the

crystals of the animal secretions.

178. Forceps.—A pair of forceps is com-
Fig^.4i. monly fitted by means of an universal joint to

Big ^^ sirm, attachable at pleasure to the stand of

^\\^ the microscope : these are used to support

' opaque objects independently of the stage.

The blades of the forceps made in this country

are kept in contact by their own elasticity, and

are separated by pressing on the heads of two

pegs, each of which moves freely through the

blade next its head, and is fixed to the other.

M. Straus-Durckheim has invented a much better ar-

rangement, which will be understood by a reference to
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the figure 41. The screw (G) is for the purpose of

securely fixing the points (B E) together, when an object

is held between them.

179. Black Stops.—These are used to form a back-

ground to opaque objects held in the forceps. They

are simply small blackened discs, supported on an arm

attached to the stage.

180. Live Boxes and Compressors.—Common live

boxes are boxes of brass, made somewhat in the manner

of a pill box, having a glass top and bottom : they

are used either for retaining living air-breathing ani-

mals, or to hold water containing animalcules, &c. In

the latter case, a small hole is drilled through the side

of the cover, near the top, to allow air bubbles to es-

cape, as it is pushed down. The best live boxes are

made somewhat differently : the lower half is, as it were,

turned bottom upwards, so that the glass plates can be

brought in contact. The upper one of these latter

should be of very thin glass. These live boxes may,

vdth management, be made to answer all the purposes

of the compressor, which is a nearly similar instrument,

but is provided with an apparatus, by means of which

the upper glass plate may be pushed down upon the

lower by a delicate screw, and kept quite parallel with

it during the action.

181. Camera Lucida.—This is made to fit over

the eye piece of the microscope, and affords great faci-

lity for drawing microscopic objects, and may be so

arranged as to act as a micrometer at the same time.

The mode of using it will be given further on.
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Dissecting Microscopes.

182. Little or no dissection can be performed be-

neath the compound microscope, from the distance of the

object and consequent inconvenience of position. Under

these circumstances, we have recourse to simple lenses

or doublets ; these may be fitted to the stands of those

compound instruments which have the body supported

on a cross arm (^170), or may have a separate stand

of similar construction. The lenses should be so mounted

that they may drop into a socket in the arm, not only

for convenience, but as a measure of safety in using very

high powers.

The stage must be large and strong, as it will have

to sustain considerable weight when the hands rest on

it, which, in use, they do ; it should also be provided

with the means of fixing the dissecting cell firmly.

Where very low powers only are used, a sufficient

quantity of light is obtained to allow of the mirror or

condenser being dispensed with. Under these circum-

stances almost any contrivance may be used to support

the lens, and a regular instrument becomes unnecessary.

A wire bent into a ring to receive the lens, and attached

at the other end to a block of lead or a board, answers

very well ; but the apparatus about to be described is

more convenient.

183. It consists (fig. 42) of a plate either of me-

tal or wood loaded with lead, A, from which rises near

one end a rod B ; a ring slides on this, and has attached

to it, by a hinge, the rod D. A second piece H, of the

form shown in the figure rises from the front of the
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plate ; at the top of this is hinged on a ring, through,

which the rod D ii!ig-.42

passes; at the end«

of D a short piece

C, and another F,

are fixed by verti-

cal joints, and F
terminates in a ring or socket G, which receives the

lens. By pushing up the sliding piece on the rod B
the lens is depressed, and vice versd.

SECT. II.—Accessory Instruments.

A
1

^

184. Perhaps the most frequently occurring operation

in microscopical investigation, is the

cutting of fine sections. For this pur-

pose different processes are employed,

according to the object.

For cartilaginous, horny, or similar

structures, a razor, or scimitar-shaped

scalpel, may be used ; these also gene-

rally suffice for the more delicate tis-

sues ; but Prof. Valentin has proposed

an instrument peculiarly adapted to

these structures, which is here figured

(fig. 43). This consists of two blades

(AB), to one of which is fixed a handle

(C) ; this blade is divided into two equal

parts, the first portion (B F) is flat,

and about gV^^ °^ ^^ ^^^^ thick ; the ^K^
second (F A) has the form of a double edged scalpel.
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one of the surfaces being plane or a little concave, so

that the edge may be sharper. Upon this blade rests the

other, precisely similar, the pieces being in exact oppo-

sition by their flat surfaces ; the second blade is move-

able, and is attached to the first by a screw (B B') ; and

to prevent lateral motion, the first has a peg (F G),

which passes freely through the second ; they separate

by their own elasticity, and are approximated by the

slide (E) moving in the groves at D. The distance be-

tween them having been adjusted to the required thick-

ness of the section, the layers are cut off, remaining pro-

tected by the two blades, and may then be floated out

in water.

185. Opticians use an instrument for cutting sec-

tions of the denser tissues, by which the substance is

gradually pushed up [hj means of a micrometer screw)

through an orifice in a perfectly flat metal plate, on

which a knife or razor glides ; but where only one or

two sections are required, such an apparatus only causes

loss of time.

186. Fossil bones, teeth, &c. are cut by means of a

steel disc and diamond powder on a lapidary's M^heer; it

will seldom be worth while for a student to undertake

to do this for himself.

Fine saws and files are used for making sections of

bone, which will require to be afterwards rubbed down

upon a hone.

187. Glass Slips.—Slips of crown glass, free from

streaks or scratches, are commonly used for placing

transparent objects upon ; though plate glass is better,

it is at the same time much more expensive. The most
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convenient size is 3 inches long by 1 inch broad. Ob-

jects are covered with very thin glass, manufactured on

purpose, which may be had of three different degrees of

thickness, and is sold by weight.

188. Glass Cells.—The cells which have lately

come into such general use, for objects which would be

crushed by the covering glass pressing immediately

upon them, are made in two ways :—the first is to ce-

ment a transverse section of stout glass tube to a glass

slip ; the second, which will be found the most econo-

mical, is, to make a sort of box upon the slip, by cement-

ing narrow strips of glass to it. The process of cement-

ing is the same in both cases, and is as follows :—For

objects to be preserved in any aqueous solution, a small

quantity of marine glue (^ 145), is placed on the slider,

which is held over a lamp to liquify the cement ; when
it flows the piece of ^tube or strips of glass, as the case

may be, having been warmed, are arranged on the slider

and pressed tightly to it ; the whole is then allowed to

cool, and when the glue has set, the superfluous portion

is removed by the application of liquor potassee.

The covers, both for these cells, and for ordinary

objects, are cut by a diamond, or what answers every

purpose for thin glass, a crystal of quartz ; for the cell-

covers, a pattern must be drawn on a piece of paper and

the thin glass placed over it, or a cardboard pattern

may be placed upon it, and the cutting instrument run

round it. In all cases care must be taken to lean as

lightly as possible upon the glass, as the crack is very

liable to run on from the cut already made, before the

diamond has passed over the required line.

189. Opaque Objects.—These may be either fas-

I 2
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tened to plain glass slips, with a narrow ring of card to

surround and protect them, or to discs punched out

of thick leather, covered on one side with dead black

paper ; a pin passes transversely through the thickness

of the leather, and serves both for the forceps of the

microscope to hold by, and to fix the object in its case.

190. A dropping bottle is exceedingly useful, and is

made by fixing a glass tube, drawn out to a capillary

termination, into the cork of a small bottle ; when this

is reversed, the heat of the hand will expand the con-

tained air, and drive out the water in very small quan-

tities. Small glass rods and tubes are used for the

same purpose.

Fine glass tubes are used also, for removing minute

objects floating about in water, such as Infusoria. A
modification of the pipette (II 54), which consists of a

small tube with a bulb, connected by another tube of

caoutchouc to a mouth-piece, is very well adapted for

the same purpose, as the point may be placed in water

under a low power of the microscope, and objects be

thus singled out and sucked up into the bulb.

191. Re-agents, &c. It being frequently necessary

in investigating minute structures, to apply certain tests

to them, the working microscopist should be provided

with these :—the chief of them are alcohol, turpentine,

ether, nitric, sulphuric and acetic acids, tincture of

iodine, and solutions of caustic potass (liquor potassse),

and of corrosive sublimate.

Test tubes will be necessary, where it is intended to

submit the object to the action of these for a length of

time, or at a high temperature ;—glass rods are all that

are required, in operating on the stage of the microscope.
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CHAPTEE III.

MANIPULATION.

SECT. I.—Use of the Microscope.

192. The first question that has to be considered is, the

purpose for which a magnifying instrument is to be

used. If for the dissection of minute objects, where

unassisted vision is not sufficient to guide the operator,

the Simple Microscope is all that is required ; but if for

the investigation of the structure of tissues, &c., then

the Compound Microscope will be necessary.

193. The Simple or Dissecting Microscope.—
This should be furnished with lenses of various powers,

the lowest of about 1|- inch focus ; for the higher powers

doublets are advantageously made use of, as they afford

a much larger field than a simple lens ; a focus of -^th

of an inch will be about the highest that can be advan-

tageously used.

When dissecting under the microscope, the elbows

should rest upon the table, and the hands should be

supported and steadied by the large and strong stage

(IT 182). If the object be immersed in water, the stage

will have to remain in its horizontal position ; and, in-

deed, this will almost always be necessary with the
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simple microscope—whence arises great inconvenience,

from the constrained position the observer is obliged to

take.

With shallow powers, no apparatus for increasing

the illumination will be necessary ; but with deeper, a

condenser for opaque objects, and a reflecting mirror for

transparent, will be necessary. If the object is very

small, it is best dissected on a slip of. glass, or in a cell

(5[ 188) ; otherwise a cork plate (U 50), which may, if

desired, be kept under water in a glass trough (1149),

is the best, as the dissected portions may be spread out,

and kept in place by fine pins. The instruments used

will be the needles (U 76) and the microtome (^72).

Investigations with high powers in the simple mi-

croscope, should not be long persisted in at one time, as

the straining of the eye, and fatigue of a continued

uneasy position, cannot but be injurious.

194. The Compound Microscope.—As all the ne-

cessary apparatus has been described in a former chap-

ter, it only remains here to point out the most advan-

tageous manner of using it.

The microscope should be placed on a firm and

steady table, and if by day, a position must be chosen,

where it will not be exposed to the direct rays of the sun,

as they would interfere seriously with the proper illumi-

nation of the object, causing an iridescence, or fringe of

prismatic colours around all parts. At night an Argand

lamp is the best illumination, and it should be provided

with a paper shade, as the opaque shades cause too great

a contrast between the light of the field of the micro-

scope and the obscurity of the room. This contrast is



TRANSPARENT OBJECTS. 119

indeed advantageous as far as seeing the object clearly

is concerned, but it is very injurious to the eyes.

195. The eye-piece and object-glass having been

fitted on, and the instrument inclined so as to allow the

operator to take an easy position, the mirror is then to

be adjusted. The easiest way to bring the pencil of

rays opposite the axis of the instrurpient, is to look at

the object-glass from below and move the mirror until

the light is reflected upon the lens, then looking through

the eye-piece a very little more adjustment will give the

illumination. As a rule it is well to begin the exami-

nation of any object with a lower power, and this for

several reasons ; if the low power proves sufficient to

make out the point of investigation, all the advantages

of a larger field, greater clearness, and brilliancy of the

object are gained, and if the power be not sufficient, a

kind of general view of the object is obtained, which

will allow the relations of parts to be better understood

when seen by higher powers.

196. Transparent Objects. — If the object be

transparent it should be placed on a slip of glass (^ 187),

and a drop of water having been added, it should be

covered with a piece of thin glass. It is then placed

upon the stage in such a manner that the object may be

as nearly in the axis of the instrument as possible ; by
the large milled head it is brought into focus, and even if

the object itself is not opposite the object-glass, the fo-

cal distance will be perceived by the extraneous matters

on the glass slip becoming visible. In this latter case

the glass slip must be moved about with the fingers, or if

on an adjusting stage, by means of the milled heads upon
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it. The exact focus, or the foci of different parts of the

object are best obtained by the fine adjustment on the

body, and by the same means an idea is obtained of the

relative position of these parts ; for instance, in viewing

a spiral fibre, as in the trachea of insects, one side of

the spiral is brought into focus, and then by gently

turning the head of the fine adjustment the turns of the

spiral are traced round to the other side. The fine ad-

justment being graduated, also serves to measure the

depths of depressions, &c. ; in the same manner the

plane surface of an object is brought into focus, then

the bottom of the depression, and the difference is seen

by means of the index on the fine adjustment.

If the power first made use of be not high enough,

the next above it should be applied, and so on in suc-

cession, if necessary ; with the higher powers, the con-

denser (H 172) comes into operation ; for, as the magni-

fying power is increased, the light is diminished (1[ 158),

and, it is therefore needful to condense a greater quantity

of light upon the object. The best condensers are made

to adjust, both for the focal distance and lateral move-

ment, by means of milled heads, and this lateral motion

is occasionally of service, in discovering the true struc-

ture of certain tissues. An increase of defining power,

though the light is diminished in quantity, is obtained

by the diaphragms, or stops (IF 173) ; these are especially

useful in viewing very transparent objects.

When a low power is used, especially in the day-time,

it is a good plan to place a shade of blackened card on

the stage, between the light and the object, as the direct

rays, falling upon the surface of the latter, interfere v/ith
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those passing through it, and cause a certain amount of

indistinctness.

The live-boxes (HI 80), and cells (HISS), come into use

when the object is of appreciable thickness, and when

pressure is to be avoided; these must be completely-

filled with water, all air-bubbles being carefully excluded.

It is important in all cases, with transparent objects, to

avoid getting air-bubbles among the parts of an object,

not but that they are soon known, and then easily dis-

tinguished, but they cause a disturbance of the direction

of the rays of light passing through or around them,

which distorts the portions of the object in their

neighbourhood.

Occasionally, direct pressure, or a sliding motion

between the glass slip and its cover, are useful ; as for

expelling the contents of delicate tubular structures, &c.

Re-agents (H 191) are applied to objects under the

microscope, by means of a fine glass rod, which is dip-

ped into the liquid, and then applied to the margin of

the thin glass covering the preparation ; the capillary

attraction soon brings it to act upon it, and it is well to

use the re-agent in a very diluted state, as, by that

means, a slower action is obtained, which may be traced

as it gradually extends across the field.

Certain objects, such as living insects, &c., may be

viewed by transmitted light while held in the forceps

;

in this way, the circulation may be seen in the legs of

some of the Arachnida, &c.

197. Opaque Objects.—These are generally viewed

with the lower powers, in fact Lieberkuhns (^174) can-

not be used with the higher. They are illuminated
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either vertically by the light sent up from the mirror,

and condensed upon them by the Lieberkuhn, which slides

over the object-glass ; or laterally, by a condensing lens

placed between them and the direct light. If they are

mounted on the discs (^ 189), they merely require to be

held in the forceps, which fit into a hole on the stage ;

but if they are on glass slips (^ 189), or are loose ob-

jects, such as insects, &c., held in the forceps, the black

stop (^179), must be fitted on, so as to form a dark

back ground for them. Those held in the forceps,

whether on discs or otherwise, may be moved in every

direction to see the diff*erent parts, and it is the easiest

plan to get these pretty nearly into focus in the first in-

stance, by moving the forceps.

198. Camera Lucida C!! 181).—In using the ca-

mera lucida, the most convenient position for the body

of the microscope will be the horizontal. When the

apparatus has been fitted on at the eye-end of the body,

a piece of paper must be placed exactly beneath it, of a

size proportioned to the object to be drawn, and at the

distance of distinct vision, which will vary in different

persons ; if the observer be very short-sighted, it will be

necessary for him to wear spectacles.

The camera lucida should be turned up at first, so

as to enable the observer to get the object into focus,

and to pick out those portions intended to be drawn

;

on turning down the apparatus, it will be found that the

focus is a little altered by it, but that is easily adjusted,

and then the image will be seen distinctly projected

upon the paper placed beneath. The size of the image

may be increased, by removing the paper to a greater
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distance, but this enlargement injures the clearness and

distinctness of it. With a finely pointed pencil the out-

lines of the image are to be traced on the paper, which,

after a little practice, will not be found difficult, especi-

ally if the following precautions be taken :—It is essen-

tial to the perfection of the image, that the paper and

the object be equally illuminated, and this will easily be

accomphshed. The brightest light will usually be upon

the object, so by placing a taper beside the paper, the light

upon that will be increased ; if, on the other hand, the

object is rather dark, and more light cannot be obtained

for it, a screen should be interposed between the paper

and the lamp. This condition must be attended to, as

if the object is brighter than the paper, the point of the

pencil will not be seen ; while, if the paper be too bright

and white, the image will be so dim, that a faithful re-

presentation can scarcely be made.

The eye must be kept as steady as possible, as the

least movement alters the place of the image on the

paper; the position of the eye, also, has an influence on

the distinctness of the image—but this must be found

by experience.

If the object be large, probably the paper will have

to be moved during the operation. It will require some

few days' practice to get a facility in all these little

manipulations; but when once acquired they will be

found comparatively easy.

The camera lucida affords a very convenient method

of measuring objects. A micrometer scale of known
value is placed upon the stage, and the magnified images

of the lines on it, drawn on the paper. These lines may
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then be subdivided to almost any extent, and thus a

scale will be obtained, by which images drawn under the

same power, and at the same distance beneath the ca-

mera, may be measured.

199. The measurement of objects has already been

alluded to (5[ 176) ; but if no very accurate measurement

be required, and the power of the object-glass be known,

a near approach to the size may be found by holding

the foot scale (^ 176) at a distance of 10 inches from the

eye, and comparing the image vdth it. This will be

found easy after a little practice, as, from the natural

single vision of the two eyes, objects seen separately by

them become as it were blended together.

SECT. II.

—

Preparation and Preservation of

Objects.

200. In the investigation of the softer animal tissues, it

is obvious that the greatest care and patience are requi-

site, not only on account of the minuteness of their

ultimate structure, but its delicacy, and the false results

that are likely to be obtained from the examination of

portions which have been much subjected to the action

of foreign agents. These structures should be ex-

amined as much as possible in a perfectly normal state,

and if maceration, boiling, or the action of re-agents be

had recourse to, as matters of convenience in following

out particular views, still the appearances should be care-

fully studied, both with and without these processes, so

as to arrive at a correct estimate of their value. It is
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probable that the absence of such precautions has caused

much of the discrepancy in the ideas of microscopists as

to the nature of many of the tissues.

201. Structures to be examined in a normal state

should be taken from the bodies of very recently killed

animals, being removed in minute portions, with as

little violence as possible, and placed by means of fine

needles (*T[ 76) in a convenient position for examination

upon a slip of glass ; the object should then be covered

with a piece of thin glass, without pressure, and placed

on the stage of the microscope. All the delicacies of

manipulation, with regard to the getting of difterent

parts into focus, and the play of light by means of the

condenser, should then be put into operation. The

agency of boiling water which dissolves gelatinous mat-

ters, and alcohol, and the acids, &c„ which coagulate

fibrine, may afterwards be had recourse to, and in this

manner the observer will be able to satisfy himself of the

nature of the object. But the young microscopist must

not imagine that these short directions will enable him

at once to arrive at a correct knowledge of intimate

structures ; so many delicacies of manipulation, so much
of that uncertainty of obtaining favourable views of the

object, which is inevitable in operating on such minute

portions, and so many deceptive appearances, stand in

his way, that it is only after repeated observations and

considerable practice, that he must begin to draw con-

clusions from what he sees.

202. When the denser tissues, such as horn, &c.,

have to be examined, it will be necessary to make ex-

tremely thin sections of them, and this, after a little
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practice, will not be found very difficult. It is a good

plan to have a sort of pad of cork to rest the object on,

as this affords a steady but somewhat yielding support,

which will be found advantageous, while its softness

prevents injury to the cutting instrument. Sections

should be made in various directions, in order to ascer-

tain all the peculiarities of the structure ; and here

again the observations contained in the last paragraph

will be applicable. Where the object is not sufficiently

transparent it may be enclosed in Canada balsam, the

method of doing which will be indicated below (H 213).

203. Blood corpuscles may be kept in suspension

in serum, or a weak solution of salt, while under exami-

nation, as pure water causes them to change their form

and burst ; the various re-agents here also will be use-

ful in investigation ; other fluids are merely kept be-

tween two pieces of glass, or if they contain crystal-

lizable matters, may be suffered to evaporate on a slider,

and examined with the polarizing apparatus.

204. Osseous structures are examined in thin sec-

tions, made either by the lapidary, or by means of a ffiie

file, &c., (*fl 186) ; they should be moistened with water

to render them more transparent, or if to be kept, mount-

ed in Canada balsam.

205. The internal organs of the transparent aquatic

animals, such as Infusoria, may be rendered more appa-

rent by feeding them with a colouring matter, which will

not poison them, such as indigo or carmine, the colour

may be rubbed with water from a cake, and a small

quantity of it added to the fluid containing the animal-

cules; they soon swallow enough of the particles to



PREPARATION OF OBJECTS. 127

render the alimentary canals very apparent through the

parietes. These creatures are most conveniently singled

out with a hand magnifier, and are then captured by

means of the pipette (II 190), or a fine glass tube. The

siliceous loricse of the fossil species should be mounted

in balsam.

206. Some bodies, from the peculiarities of their form,

influence the light passing through them in such a man-

ner, that they cannot be well seen until they are en-

closed in some medium denser than air ; among these

are hairs, the fibres of sponges, &c., which must be

mounted in balsam, and this besides, increases their

transparency, so that their internal structure is better

seen. The siliceous spiculse of sponges are obtained

isolated, by burning away the animal matter before a

blowpipe, and treating the residue with nitric acid,

w^hich dissolves oif all but the spiculse.

207. Little need be said here with respect to opaque

objects, as the methods of viewing them have been al-

ready pointed out (H 197), and as they mostly consist of

the external portions of the smaller animals, the pro-

cesses of preparing them for examination are little more

than the dissections, which will be treated of in the Third

Part of this work.

208. It maybe repeated here, that full directions for

all the manipulations necessary in bringing the micro-

scope to act with the greatest advantage, in all cases,

and upon all kinds of objects, are not attempted to be

given here ; if there were no other difficulties, space

would not allow of it ; but it has been endeavoured to

point out all the most important of them in such a
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plain and concise manner that the beginner (and the

writer does not presume to instruct others) may see his

way clearly, and be enabled to take such measures as

will, at least, put him in the right road to success.

Various modifications of the processes here given, will

of course suggest themselves to him as he becomes more

practised, and by the time such skill has been acquired,

an elementary treatise like the present, will have been

laid aside.

Preservation.

209. Transparent preparations which may be kept

dry, are placed upon a slip of glass (H 187), and covered

with a small piece of thin glass proportioned to their

size, which is kept in its place by pasting over the

whole a piece of paper, through which a hole has been

punched corresponding with the situation of the object

;

should the object be of some thickness, and pressure be

undesirable, a piece of cardboard of proportionate thick-

ness, with a hole punched through it, must be placed

between the two pieces of glass. This method of

mounting is little resorted to, being only adapted to a

few objects, the transparent wings of insects, &c.

210. Transparent objects to be kept wet for the sake

of transparency, and for the prevention of decomposition,

are mounted in several ways. A very thin object, where

a little pressure will do no harm, is placed on a slider,

and a drop or two of the preservative solution (^ 113-14,

129) added; a piece of thin glass is then laid over it,

and if the fluid be pressed out round, it must be wiped

quite dry by means of a camel-hair pencil ; if the fluid
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does not completely fill the space between the glasses,

more must be added, which will be imbibed on account

of the capillarity.

All pressure upon the thin glass must be avoided, as

it would press out the fluid, which, when the pressure

was removed, would allow air to rush in ; all bubbles of

air also must be carefully excluded, when placing the

thin glass upon the object. These two glasses are then

converted into a cell, and this is done by varnishing the

edges of the thin glass, and the contiguous portion of

the slider with gold size, a layer of which, extending

from one to the other, encloses the preserving fluid.

The gold size should be previously thickened to

about the consistence of treacle, by rubbing down a little

lamp-black in it ; the lamp-black should be quite dry,

which may be conveniently ensured, by heating it in the

bowl of a tobacco-pipe. Several successive coats of

this varnish should be given, allowing each to dry ; and

for laying on these a sable pencil is the best instrument,

as softer hair soon looses its elasticity and becomes

useless.

211. The cells (^ 188), which should be cemented

together with gold-size where dilute alcohol is used,

are suited to objects like those mentioned in the last

paragraph, but in which pressure is to be avoided.

They are to be completely filled with the fluid, to the

exclusion of all air-bubbles, when the cover, which

should be neatly fitted, is put on ; they are closed with

the gold- size in the manner already described.

All preparations preserved in this way, especially in
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the modification of the cell described in the preceding

paragraph, should be looked to occasionally, as, in spite

of every precaution, the air will sometimes get in ; it

would perhaps be well to lay on a fresh coat of size from

time to time.

212. Another modification of the cell has been long

in use, made by laying several coats of white lead on a

slider, leaving a central clear space ; when the cell is

deep enough, the object and fluid are placed in the cen-

tral space, and the thin glass put on, which adheres to

the recent coat of white lead. This method is seldom

adopted, from its requiring so much preparation. An-

other plan is to place thin objects between two sliders of

equal size ; these are tied together at each end, and the

whole kept in a jar or bottle containing a little dilute

alcohol.

213. The method of mounting objects in Canada bal-

sam, affords the means of obtaining the most beautiful,

and at the same time the most permanent preparations,

but requires rather more delicacy of manipulation than

either of the foregoing. It is well, if possible, as pointed

out by Mr. Varley, to keep the objects for some days

previous to mounting in oil of turpentine, as, besides

ensuring their transparency, it lessens the risk of air-

bubbles, on account of its penetrating the cavities. At

all events small animals, such as Acari, should always be

placed in it for a short time previous to placing them in

the balsam, as the hairs, &c., on their bodies are other-

wise almost certain to entangle a portion of air ; in en-

deavouring to press out this between the glasses, the
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ammal's body will be burst, which will of course much
disfigure the preparation.

A drop of balsam proportioned to the size of the

object is to be placed on a slider, and gently heated to

liquify ; the object is then laid upon it, and its immer-

sion assisted by means of a fine needle, also slightly

heated, to prevent the balsam from adhering to it. A
piece of thin glass is then warmed and carefully pressed

down upon the drop of balsam, which is thus impelled

into the cavities of the object, while the air is driven

out all round. Too great a heat must not be applied,

as it causes ebullition in the balsam, and quickly hardens

it into a sort of resin ; but if the object be pretty tough,

and there be a sufficient quantity of balsam on the slider,

the whole may be heated a second time, after it has set,

to drive out bubbles.

The previous soaking in turpentine may be dispensed

with in some cases, as in mounting crystals for polariza-

tion, or the loricae of Infusoria, &c. ; in these cases, a

considerable quantity of balsam should be used, so that

the upper glass may be pressed down with greater force

to drive out bubbles ; but this is apt to spread small

isolated objects, such as loricse, &c., too much over

the slider, which may be avoided in some measure by

placing them in a little heap on the balsam, in the fi.rst

instance.

The most convenient way to heat the glasses is, in

the winter time, to place them on the hob of a stove,

otherwise a spirit lamp should be used. The balsam

which exudes round the edges of the thin glass, may be

K 2
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neatly trimmed off when cold, and the name written

with a diamond on the slider, or the whole may be co-

vered with paper, as in U 209, and the name written

upon it.

214. Opaque objects are fastened with gum or isin-

glass upon the discs (If 189), or glass slips (If 189), al-

ready described.
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CHAPTEE L

INTRODUCTORY REMARKS.

215. Having in the preceding parts of this work,

treated of the various contrivances which may be em-

ployed in the study of Comparative Anatomy and the

methods of using them, our next step will be to apply

that knowledge practically, or to the dissection of Ani-

mal Structures. Before, however, entering into any of

the details of this operation, as it is varied to suit the

kind of objects under investigation, a few preliminary

observations are necessary, relative to the order in which

it should be conducted, the selection of specimens, &c.

In dissecting the higher animals, those which in

their general organization approach the nearest to that of

Man, as the Vertebrata, the use of the scalpel is with but

few exceptions admissible. In the Invertebrate series, on

the contrary, from their small size, and the delicacy of

their different parts, the dissection mostly consists, after

having opened the body, which must be done under

water, in unravelling and displacing them from their

slight connections by means of fine needles. In all ani-

mals, however, of sufficient size to admit of being regu-

larly dissected, the course to be pursued is essentially

the same. Parts are to be dissected by proceeding from
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without, inwards cind studying each in succession as

they severally occur, except where it is wished to gain a

general idea of the position of many of them by making

sections, or where it is intended to examine some parti-

cular organ only, without reference to the rest.

216. To illustrate this, the body of a vertebrated

animal, as being the most complex in its organization,

may be taken for an example.

After the outward form of the animal has been well

studied, and contrasted, when possible, with that of

allied genera and species, attention being also paid to all

those elevations or depressions of the surface w^hich in-

dicate the position of muscles, vessels, or other important

organs, the dissection is to be commenced by raising

the integument, and immediately beneath it there will be

found in most situations a quantity of loose cellular and

adipose tissue, especially abundant in the flexures of

joints, and which, as forming a continuous investment

over the whole body, should be carefully traced to see

how and in what different directions it is prolonged.

When this has been removed, the fibrous membranes or

fascicd will be seen, forming expansions of considerable

extent over certain parts, as the limbs and abdomen, and

by raising these the muscles are next exposed, contained

in sheaths of a cellular or fibrous tissue. Along with

the dissection of the muscles, the course, relation, and

distribution of the principal arteries, veins, lympathics and

nerves, accompanying them, will be learnt ; and these

having been well dissected, some upon one, others upon

the opposite, side of the body, the visceral cavities may
be opened, and their contents, such as the respiratory.
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digestive, and generative organs, as well as the central

portions of the circulatory and absorbent systems be ex-

amined. It is best to defer the preparation of the bones

and ligaments until the last, as they are composed of less

perishable materials than the other structures, many of

which, namely, the brain and spinal cord, with the more

complicated organs of sense, as the eye, ear, and tongue,

require in most cases a special dissection upon a very

fresh subject (where that can be had), without regard to

the sacrificing of other parts. It is needless to say

more here upon this subject, as particular directions are

given in the following chapters upon the methods of

dissecting the different systems of organs, throughout

each division of the Animal Kingdom.

217. For the purpose of dissection, subjects should

be selected, as much as possible, in a normal condition,

provided that no special object to the contrary be held

in view. They ought to be rather lean than fat, but not

so morbidly thin that the organs are atrophied. A small

quantity of fat is of advantage in a number of cases,

from being generally placed in the intervals of organs,

which it serves to render more apparent, either by sepa-

rating them or causing their colours to stand out upon
the white ground that it presents.

218. Animals ought also to have died without experi-

encing severe wounds or bruises, as these always destroy

some of the organs. When they are made to perish by
a violent death, it is a good plan to effect this by prussic

acid, but as this fluid is very dangerous to meddle with,

recourse should be had to other means, and death by
hemorrhage or drowning is the best, from the rapidity
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with M'hich the animals die without injury to them-

selves.

219. When the body of a vertebrated animal is not

intended for injection, it is a good plan to let it become

quite cold before opening it, so that the blood may be-

come well coagulated, and not liable to trickle out upon

opening any of the vessels, so as to soil and discolour

the different organs, which would prove a source of

much embarassment to the dissector.

220. If there is no particular reason for. preserving

the integument of an animal entire, it should be merely

removed piece-meal, and so much only as is necessary

at a time, leaving the other parts covered with this en-

velope, which best preserves them fresh, with their sup-

pleness and natural colours.

As to hairs and feathers they can be removed, if it

is not too much trouble, since they are only in the way,

but it is clear that their bases must be left attached to

the skin, if their mode of insertion is to be studied.

221. If the carcase is rather bulky, as that of a

hare or fowl, and the intestines cannot be removed at

once, a very small incision (by a trocar and syringe)

should be made in some convenient part of the abdomen,

and a certain quantity of preserving fluid injected into

the abdominal cavity, to prevent the too rapid putre-

faction of the viscera, which is especially liable to

occur from the faecal matter contained within the in-

testines.

222. As animals of large size cannot be placed in

jars of preservative fluid, some of it may be injected into

the large veins, or into the trachea in birds, and will
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be sufficient to retard putrefaction until the dissection is

completed.

Small animals may be generally preserved entire in

fluid without the above precautions ; yet if the integu-

ment is very hard or impermeable to the fluid, it is ad-

visable to inject some of it into the abdominal cavity.

223. When it is wished to make the skeleton of a

vertebrated animal, a subject should be chosen of adult

age, or a little older and at a period of life when the

epiphyses are not completely united and still distinct.

If on the contrary, the epiphyses are wanted separate,

individuals are preferable which have arrived at about

two-thirds of their full growth. No determinate period

can however be fixed in this respect for all animals, as

it varies very considerably ; thus in birds, the bones of

the head unite at a very early age, so that a very young

subject must be had for detaching them. Of the osseous

nodules which enter into the composition of the diffe-

rent bones, some unite before, others at very variable pe-

riods after birth ; lastly, among fishes most of the ossific

centres produce pieces which remain distinct during

their whole life, and hence it is that these animals have

so complex a skeleton.

224. For the study of the ligaments, it is best to

take a rather aged individual, these organs being then

generally better developed, stronger, and more distinct

than in young subjects, especially the aponeuroses, which

in the latter are almost entirely cellular.

225. The muscles are most distinct in middle age,

when the animal is healthy, vigorous and active. The

subject should not be too fat, though a small quantity of
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the latter is of advantage, for the reasons already stated.

Animals which have been killed in the chase after a

long run, have the muscles usually of a deeper colour

than those which have remained inactive, and their ten-

dinous insertions can be more clearly distinguished.

The same characters are to be remarked in agile, as

contrasted with slow-moving species,—in the wild ani-

mal, with one bred up in captivity, where it often hap-

pens that, with age, the muscles, from want of exercise,

have become blended together, particularly in certain

parts, as upon the vertebral column, where motion is

very limited. Thus, if it is wished to study the muscles

in a general manner, as throughout some class of ani-

mals, preparatory to appreciating their specific diffe-

rences, those creatures should be selected whose move-

ments are most frequent and rapid—and Man in this

respect is not the most advantageous subject.

226. Subjects designed for the study of splanchno-

logy, ought to be healthy and slightly fat ; for in such

individuals as are too thin, the coats of the intestines,

the masses of glands, every part indeed is flabby and as

if atrophied, especially if the leanness be the result of

disease.

227. For angeiotomy and neurotomy, the subjects

ought to be thin, so that without being in a state of

marasmus, there is no fat to obscure the vessels and

nerves. In human anatomy, lymphatic and nervous

females are preferred, as in them these organs are easily

detached.

As to the inferior animals, e. g., the Articulata, Mol-

lusca, and Radiata, having very often no choice, such
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must necessarily be taken as come to hand. In case,

however, there is a great number of specimens at our

disposal, the finest of course are to be selected.

228. Next in importance to the dissection of an

animal, it is indispensable for the student of comparative

anatomy to acquire the art of describing with accuracy,

perspicuity and distinctness, the various objects which

his scalpel has disclosed ; a faculty, indeed, by no means

attainable at first, and which can be gained only by

practice and a strict observance of the meaning of the

terms used in scientific language. It is almost needless

to insist upon drawing, as most useful in aiding our

actual researches, and the pen.

229. Lastly, in preparing to investigate any point

in comparative anatomy and physiology, if with, a view

towards publishing the results of his labours, the ob-

server should never neglect to make himself acquainted

with all that has already been done (if any) upon the

subject, both by the old and recent authors of this coun-

try and the continent. In this way much useless pains,

and subsequent disappointment as regards originality,

will be frequently avoided.
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CHAPTEE 11.

TEGUMENTARY SYSTEM.

SECT. 1.—VERTEBRATA.—Mammalia.

230. Dissection.—To make preparations of the inte-

guraent, it is detached in moderate sized strips, which

are to be submitted to the microscope ; for it is only

with the assistance of this instrument that its texture,

and the structure of the minute organs enclosed within

the corium, can be recognized.

The epidermis may be removed separately by diffe-

rent methods, of which one of the simplest and quickest

consists in plunging the skin into water, nearly boiling,

but not in a state of ebullition ; for at this temperature

the fluid not only renders the epidermis tough, but dis-

solves the rete mucosum, which, as well as a part of the

dermis, is composed of gelatine. The above separation

is obtained also by maceration in water ; but the fitting

time must be then seized upon, wdien the epidermis be-

gins to detach itself, to secure it before being decom-

posed.

The intimate structure of the epidermis, thus de-

tached from subjacent parts, can be easily studied by

examining it under water, so that it may not dry up ; a
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process which has moreover the advantage of detaching

and floating out the minutest particles, which could not

be perceived out of the fluid, when they all adhere to-

gether.

231. In removing the epidermis great care must be

taken, in order to see the csecal prolongations sent by it

into the small cavities, such as the sebaceous crypts,

the bulbs of the hairs, &c., to line them. The better to

distinguish these prolongations, the skin, after being

scalded or macerated in cold water, should be immersed

some time in a fluid, such as alcohol, alum-water, or a

very weak solution of corrosive sublimate, which gives

a degree of consistence to the epidermis, which may
then be separated mechanically. The epidermis being

formed of layers, decomposes also by lamellae, from ma-

ceration in water.

232. There are different methods of preparing the

integument. As it is often sufiiciently thick in certain

animals, or even under the human heels, to offer a tole-

rable extent of surface for making sections, it can be

cut into thin slices in different directions, and these

placed under the microscope. It is principally by cut-

ting such lamellse perpendicular to the surface, that the

sudorific ducts, the secretory organs of the epidermis and

of the colouring matter, the bulbs of the hairs, the fol-

licles, and nervous papillae will be seen, and better even

than when the cuticle has been previously detached.

233. In regard to the fibrous tissue of the dermis, it

is very well seen on the parts when fresh, by tearing it

in different directions with curved needles; but the

fibres become still more apparent by submitting the der-
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mis to certain preparations, as tanning or macerating it

for some time in a weak infusion of gall-nuts or oak-

bark, or a concentrated solution of alum ; these three

substances render the fibres imputrescible, by converting

them into leather, while at the same time they become

harder and drier.

234. To see the papillae, exhalent vessels and excre-

tory canals for the perspiration, at their exit from the

dermis, the epidermis must be raised slightly, so as to

detach it from the corium, and the above different parts

are then seen passing from one to the other structure.

235. Preservation.—The integument of mammife-

rous animals can be preserved either in a dry or wet

condition. If it is intended to keep it merely in the

form of a fur, that is, with the hair left upon the skin,

the latter is dressed after the manner of the furriers, by

freely moistening the fleshy surface of the skin, when
warm rather than cold, with a saturated solution of 3

parts alum, and 1 of common salt, and powdering it

over afterwards, plentifully, with a mixture of the same

ingredients. When the skin is dry, it is moistened

afresh, so as to well imbibe these salts, and this is re-

peated during eight or fifteen days according to the

strength of the skin. The alum taws the gelatinous

fibres, and the salt preserves their suppleness. After

this stage of the operation the remainder of the salts is

removed by scraping the skin with a blunt knife, in

doing which the cutaneous muscles still adherent to the

dermis are removed. Care must be taken to scrape

from behind forwards, for in the contrary direction the

skin will be torn. Instead of alum, the sulphate of
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iron may be used, but it causes the skin to shrink by

contracting its fibres too much.

236. To give more substance and flexibility to furs

they are plastered over vi^ith the composition described

before at 11117. A layer of it is applied about an

eighth of an inch thick upon the inner surface of the

skin, which is then folded with the fleshy sides in con-

tact, and left so for a day ; the paste is then removed

by scraping the skin with a blunt knife and drying it

by powdering it over with pulverized plaster, or white

clay. This earth imbibes all the grease which may re-

main, and is to be removed from the skin by scraping.

If a single application does not suffice, it should be re-

peated.

237. The best method of preserving furs from the

attacks of insects, is to moisten them with an alcoholic

solution of corrosive sublimate which is poured at inter-

vals and in very small quantities upon the skin, betwixt

the hairs. This liquid threads its way along the hairs

and poisons the insects ; this process may become, how-

ever, dangerous when employed for furs worn about the

person. If the fur can be moistened entirely, without

inconvenience, it may be steeped in the aqueous solu-

tion of corrosive sublimate (the composition of which

has been given, H 121), and afterwards allowed to dry.

238. The integument can be also preserved by

simply drying it in the air, but as insects readily attack

it in this condition it must be moistened slightly, after

desiccation, with the alcoholic or aqueous solution of cor-

rosive sublimate, and upon both surfaces. Most anato-

mists varnish these preparations to preserve them from
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insects, but besides not effecting this object very well,

the varnish glues them together and renders them more

or less transparent and brown, which has altogether an

extremely unsightly appearance.

If it is wished to preserve preparations of the skin

to study its structure, they must be kept in some pre-

servative fluid.

AvES.

239. Dissection and Preservation. — The pro-

ceedings employed for dissecting and preserving the

integument of Birds are precisely the same as for the

Mammalia, only the feathers should be cut off previously,

near to their insertions, so as to be no encumbrance,

and that the latter with the cutaneous muscles attached

to them may be readily examined.

240. Preparations of the beak are made (as are also

those of the claws of Mammalia) by immersion for some

minutes in very hot water or by protracted maceration,

which separates the horny mandibles from the bone.

The texture of the upper mandible is much denser and

more compact than that of the lower ; it is harder also

upon the dorsal surface than the edges, exactly as in the

claws, whence it happens that while the mandibles wear

away at their extremities, they still remain constantly

pointed ; the above difference in solidity is easily proved

by cutting them transversely.

Reptilia.

241. Dissection.—Preparations of the integument

of Reptiles are made generally like those of Mammalia,
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excepting- in the Anourous kind, where it is useless to

submit the skin to any process for raising it from the

surface of the body.

The structure of the epidermis can be very well

studied in the exuvise of serpents, but the dermis must

be removed by the ordinary methods, if there is no in-

tention of studying the muscles which are fixed to it.

To examine these last, the skin of the animals must

be detached M'ith the scalpel, commencing along the

dorsal region, where the scales are unprovided with

muscles, which are found chiefly along the sides and

under the belly. As the skin is turned down, which

adheres but little to the body except by these muscles,

they are cut across where they are passing from the

ribs to the scales, with fine scissars, leaving their ends,

somewhat long, attached to the scales, so as to find

them in their place when the skin is examined from its

internal surface ; but in detaching the skin care must

be taken not to pull it so as to tear the muscles pass-

ing from one scale to the other. These muscles, like

all small organs, should be dissected under water, by

fixing a strip of integument with pins, upon a plate of

cork.

242. Preservation.—To preserve the integument

of Reptiles in a dried state, the methods in general use

for the Mammalia are employed ; but then it is very

little adapted for the study of its organization, and it

had much better be preserved in fluid. Those fluids

must however be avoided which alter the colours, since

the scales or naked skin of these animals readily lose the

tints which often constitute specific characters.

L 2
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Chelonia.

243. Dissection and Preservation.—It is easy to

detach the integument from the neck and limbs, where

it adheres only to the muscles by a loose cellulosity

;

but this is not the case upon the carapax, where it is

found resting immediately against the bones, and upon

it the scales, which in most of the species adhere by

their whole surface. To remove the integument it is

necessary to macerate it some days in water, until it

begins to lose its attachment, and then its separation

may be aided mechanically with the scalpel. As to the

scales, they may be raised from the subjacent skin by

boiling water, which dissolving a portion of the dermis,

facilitates our means of detaching them, precisely as

occurs in the nails and hoofs of Mammalia, like which

structures they are to be studied.

Pisces.

244. Dissection and Preservation.—The methods

employed for dissecting the skin of Fish, are the same

as for the other Vertebrata. It should, however, be

detached with much caution, and without reversing it,

which would cause the scales to drop out. To prevent

this, the blade of a knife is glided flatwise under the

skin, which is thus separated by disuniting its attach-

ments, without elevating it too much.

The integument of Fishes is preserved like that of

other Vertebrata, it being merely remarked, that the

extremely fugacious colour of the scales alters as much
in the dry state as in most fluids.
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SECT. 11.—ARTICULATA.

Annelida.

245. Dissection.—The epidermis of the Annelida can

be easily separated by macerating these animals for

some days in water, oil of turpentine, a weak acid, or

even alcohol, when the above membrane separates, the

more readily too, the nearer the creature is to a moult

or change of cuticle ; but in these natural sloughs there

always exists a new epidermis beneath the old cast one,

so that the rete mucosum is not exposed. If, however,

the body is submitted to heat, the new epidermis is also

detached, and the mucous tissue disclosed ; the epider-

mis may sometimes be removed mechanically.

246. Preservation.—The integument of the Anne-

lida may be preserved in a dry state ; and for this pur-

pose it is useless to submit it to any previous prepara-

tion, nearly all of them being deprived of pilose appen-

dages. It is sufficient to stretch the skin with pins

upon a bit of cork ; let it dry, and then wash it over

with corrosive sublimate ; but the best plan is to pre-

serve the integument in some fluid which will least alter

the colour.

Myriapoda.

247. Dissection.—In studying the tegumentary

system of the Myriapoda, the same general methods

must be used as for that of insects. It need only be

remarked that, from the elongated form of their bodies,

these animals are very likely to be opened, either from

the dorsal or ventral aspect, as in the Annelida, but as
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the lips of the incision will then have to be pulled aside,

it is plain that the natural relation of all the parts must

be displaced. It is better therefore to dissect them, as in

Insects, from the side of a longitudinal section. It is

convenient for opening the body of these animals,

to fix them upon a very narrow and convex plate of cork

(1151), letting the feet hang down upon its sides, so as

not to be in the way of the dissector.

248. Preservation.—Preparations of the integu-

ment are preserved, precisely like those of Insects.

Insecta.

249. Dissection.—The two principal layers which

constitute the integument of Insects, may be very often

mechanically separated, especially in those species, whose

external crust is not very solid, as in the genus Cantharis,

but in a great number, the integument of which is

very hard, this immediate separation is impossible. The

two layers may however be distinguished, by cutting

through them very obliquely, so as to give more surface

to the section, and in all Insects, they are easily sepa-

rated by macerating for some time in hydrochloric acid

diluted with water. This menstruum dissolves the horny

parts, and the integument may then be divided with

facility into two lamellae, of which the external, not

fibrous, is the epidermis, the internal, fibrous, the dermis.

In the articulation where the integument is soft and

yielding, these layers can be separated without mace-

ration.

250. As to the colouring matter, the outer surface of
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the epidermis need merely be scraped in places, where

the colour is neither brown nor black, to raise the ex-

ternal varnish upon which the bright colours depend.

In those cases however, where the spots are due to a

colouring matter placed upon the internal surface of the

dermis, those parts of it and of the epidermis, which

correspond in position to these spots, are frequently

colourless as glass, and the colouring matter, which has

the consistance of a pigment, is easily raised by the

finger. Sometimes the solid parts are found coloured

slightly brown, but only where the internal colouring

matter is of the same hue. When on the contrary it is

red, blue, green, yellow, white, or some vivid colour, the

epidermis and dermis are generally uncoloured, and the

colouring matter can be raised from within the latter

with the greatest facility.

251. To separate the hard and horny pieces from the

soft parts, in order to makewhat maybe called the skeleton,

maceration in water is employed, as for the bones of the

Vertebrata, by which the soft parts decompose by putre-

faction, and leave the tegumentary pieces exposed. If

it is wished that these last should remain united to each

other by their ligaments, they must, like the bones, be

removed from the water, just at the moment when the

other parts are decomposed, but not the ligaments, which

resist putrefaction much longer; they are then taken

out, weU washed in fresh water, and having been cleaned

with a small brush, left to dry.

These pieces being nearly all external, little can be

seen of their assembled details, except in preparations

showing different sections. The one most suitable for
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the study of other organs, is that which displays the

internal profile of the right half of the body.

In making preparations of very large Insects, the

pieces separated by maceration can be joined together,

as is done in making artificial skeletons of bones, but as

these pieces are in general very small, it is not only very

difiicult, and almost impossible, to unite them all, but

the preparations have a very bad appearance, from the

slender pieces bending in all directions as they dry ; and

hence, it is far better to make natural skeletons of them,

with the pieces left united by their own ligaments.

252. In making preparations of the dermo-skeleton

of Insects, and of Articulated animals in general with a

solid integument, the body is macerated in water, so that

the flesh, but not the ligaments uniting the pieces, is

dissolved. The body is afterwards cut with fine scissars

if the specimen is large, or with the microtome (H 72) if

very small, into two lateral halves, taking care, by sacri-

ficing one half, not to approach too near the median line.

The incision being made along the back and belly, it

often happens that the two portions still hold together,

by some internal pieces which are not seen ; in that case,

the pieces of the side to be sacrificed are removed bit by

bit, care being always taken not to disturb those which

are to be preserved, and the body being once opened,

the internal pieces may be cut as is judged proper.

This first stage of the operation done, the half to be

preserved is fixed upon a plate of cork, with pins which

are placed between the parts, not into them for fear of

damaging the preparation, which is then immersed in a

basin of water. The fluid floats out all the loose parts
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which are removed with forceps, those which are still

adherent being afterwards detached by a scalpel or

curved needle. When the preparation is well cleaned,

it is re-fastened upon a plate of cork, with pins which

are never to be stuck into the pieces themselves, and

each of these is then replaced in its natural position. In

this state the specimen is allowed to dry, and removed

afterwards to complete the re-adjustment ; in other

words, to clear off with fine scissars or the microtome

all the parts which do not belong to the preserved half.

To eiFect this last operation, the very moment is selected

when the crust is not quite dry, so that it may not break

by the shocks communicated to it in cutting it with the

scissars ; if it is already dry it must be moistened a little

with a wet brush, so as to give it the necessary degree

of flexibility. At other times the section may be hori-

zontal, and the subsequent proceedings employed in

other respects the same.

The external crust of Insects, which have remained

a long time in spirits, and which would often serve no

other purpose, may be advantageously used for making

such dried preparations, as in these specimens the soft

parts are either so contracted by the liquid, when strong,

that they are already detached from the solid pieces,

or else the flesh is more or less decomposed.

253. Preservation.—Preparations of the integu-

ment of Insects, like entire specimens, are preserved

easily in liquid ; still, the fluid used will often alter the

colour, and the preparations end by rotting, so that it is

much better to preserve them in a dry state, when they

undergo no change, andean, besides, be readily handled.
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As to the isolated pieces obtained by complete mace-

ration, it suffices to dry, and wash them over with corro-

sive sublimate and fix them in a cabinet ; complicated

preparations require more care. For retaining them,

pins planted vertically in the most solid piece, are fixed

upon a small cylindrical support of cork, attached to the

box. By these means they can be removed and re-

placed, with ease, and if the preparation shake about, a

very small bit of cork is fastened below it, traversed by

the pin. This cork compresses the preparation by its

elasticity, and keeps it firm.

Very small pieces which cannot be thus transfixed

may be fastened upon sharp-pointed strips of paper or

pasteboard, or simply upon plates of glass, by fixing them

with isinglass, or gum.

Crustacea.

254. Dissection.—The shell in the Crustacea is

divested of its soft parts exactly as in Insects. It need

only be remarked that the carapax can be best obtained

distinct by seizing upon the period when the animal is

about to moult ; the flesh then separates with the grea-

test facility from the old shell, which can be raised as a

foreign body, wherein the living creature is moulded

;

the animal must not however be too near its moult, for

then the internal prolongations are too much softened

and out of shape.

In the membranous parts of the integument the

different layers of the dermis can be easily seen, and by

maceration in hydrochloric acid may be traced into parts

previously solid, so as to be satisfied of their continuity.
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By this preparation also, the epidermis is easily separa-

ted and is shown to be alone coloured, and not fibrous.

255. Preservation.—The proceedings for the pre-

servation of the portions of the external crust are pre-

cisely the same as in Insects.

Large concave pieces, not very solid, which in dry-

ing would readily lose their shape, may be preserv^ed by

pouring into them plaster, which retains it by forming

an internal mould, and may be removed every time it is

wished to examine the preparation.

Arachnida.

256. The dissection and preservation of the integu-

ment of the Arachnida is conducted in the same way as

for Insects and Crustacea.

CiRRHIPEDA.

257. For preparing the integuments of the Cirrhi-

pedes the same process is employed, generally, as for

Crustacea.

SECT. m.—MOLLUSCA.

Cephalopoda.

258. The integument of the Cephalopoda is easily

raised in shreds without the aid of a scalpel, especially

in individuals which have been kept in alcohol, and can

be then submitted to the microscope to study its tex-

ture. It is preserved like the other soft organs in fluid.
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As the soft body of entire Cephalopods contracts

much in alcohol, it is first to be placed in a weak mix-

ture of the latter and water, and gradually into a

stronger, as pointed out in speaking of preserving fluids

(11113, 136).

Gasteropoda.

259. The integument of the Gasteropoda can only

be separated in some species and then in very small

shreds. Although the capsule of the shell in Aplysia

is very fine and formed of two layers, an external and

internal, it contains, besides, distinct parallel, and

nearly transverse fibres, which appear to be muscular,

so that each lamella of the integument is extremely fine.

In endeavouring to raise one of these by tearing it from

the muscular layer, it is sometimes detached, but in

very small portions.

These animals are preserved with their integument

in fluid, but its structure is then undistinguishable.

Acephala.

260. The integument of the Acephala Ostracoderma

is prepared and preserved like that of other Mollusca,

namely :—by detaching it in some small shreds, by

tearing a fine layer from the external surface of the

muscles, and there are then perceived upon its borders,

where the muscular fibres cease, small greyish, more or

less transparent and spongy-looking particles, belonging

to the integument. They are also to be distinguished

by cutting small lamellae, perpendicular to the surface,

the border of which is occupied by a ridge of integu-

ment.
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SECT. lY.—RADIATA.

Entozoa.

261. In order to separate the epidermis from the

corium, the body must be macerated for some days in

water, when it may be raised easily enough in small

strips, and preserved by drying upon plates of glass.

To keep these animals in fluid, they must be first

cleaned by washing them well in lukewarm and cold

water, alternately, with a soft brush, as recommended

by Goeze, and this is continued until the water is no

longer viscid, when they are afterwards put into dilute

alcohol, composed of one part of spirits of wine, and six

of water, the strength of the fluid being gradually in-

creased.

ECHINODERMATA.

262. Dissection and Preservation.—The integu-

ment of the Echinoderms is prepared like that of the

Vertebrate and Articulated animals, either by attempt-

ing to remove the epidermis at once, by dissection, which

is easily done in the Holothuria and Echini : or else,

w^here the skin is encrusted with small calcareous par-

ticles, as in Asterias, the operation may be facilitated by

scalding the integument, or macerating it for some time.

The epidermis being removed, the colouring matter is

found in a mucous state, and below it, the dermis pierced

by its numerous holes, either for the passage of the feet,

or the respiratory tubes.

In order to see the circle of calcareous pieces which
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gives attachment to the tentacles, surrounding the mouth

in Holothuria, a circular incision has only to be made

in the integument of the body, a few Hues from its an-

terior extremity, and it is discovered immediately beneath

the nervous ring which surrounds the oesophagus.

263. The shell of Echinus being very complicated,

is susceptible of many modes of preparation. If it is

wished to preserve the spines in their place, it is suffi-

cient to let the skin, which envelopes the shell, dry,

it being their only bond of connection ; as it is exposed

to the attacks of insects, it must, when dry, be washed

over with corrosive sublimate. In this state the mem-

brane becomes very friable, and the spines fall out upon

the least movement, so that these preparations had

better be preserved in some non-acid fluid.

If the shell, properly so called, is to be had sepa-

rately, it is sufficient to remove the skin clothing it me-

chanically, and to brush over the calcareous part, so as

to remove all that remains of it. To get an internal

view of the shell, one of the longitudinal sutures which

separate the series of pieces composing it is to be forced

open with the blade of a cutting instrument, {% 75), by

trying it successively at several points. These sutures

open easily enough, but it very often happens, that the

transverse become disunited also, and the pieces have to

be rejoined. It is advisable therefore to sacrifice one

half of the shell, by making a hole, which is enlarged by

degrees, until but one-half of the shell is left, leaving

however a circle of moderate size around the great in-

ferior opening, and another around the superior pole, so

as not to disturb either the pieces of the lantern, or those
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surrounding the anal orifice. As to the vertebrae of

Asterias, they may be exposed by cutting horizontally

through the entire body of one of these animals a little

above its middle, and removing all the soft parts, which

is very easily done. To obtain the internal aspect of a

ray, the middle suture of the bodies of the vertebrae is

carefully slit open.

The small feet can be very well injected from the

vessels which conduct the fluid that places them in erec-

tion, and with the microscope, the muscular fibres of

their second tunic are very well recognised.

AcALEPHiE.

264. The" cuticle of the Acalephae, can be removed

by macerating the body some time in fresh water, and

having floated out a strip of it under this fluid, a plate

of glass is brought beneath it so as to raise it up, and it

is then left to dry, remaining fixed upon the glass.

In preserving these animals in alcohol, care must be

especially taken to place them by degrees in a strong

fluid, so as to prevent the too powerful contraction of

the parts.

Polypi.

265. It is suflicient in order to detach the peUicle

clothing the body of an Actinia, to place the animal

some time in fresh water, where it soon perishes, and the

skin is so easily detached as to be removed with a hair

pencil.

The integument is preserved with difficulty, except

upon the body itself; it may be detached however in

strips, and placed on plates of glass, where they are left

to dry like those of the Acalephae.
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CHAPTEE III.

THE CELLULAR AND ADIPOSE SYSTEMS.

266. Dissection and Prp:servation.— The cellular

tissue is readily disclosed in the Vertebrata between a

number of organs, which it is sufficient to raise in order

to render it more apparent ; it is very distinct in young

subjects, from the areola being larger, and from its being

found in great abundance, added to which, many of the

aponeuroses which are very distinct in old subjects, are

merely cellular tissue in the young.

To recognize the structure of this tissue, all that

need be done is to place some lamellae of it in water,

under the microscope, so that it may not dry up : its

cellular form is readily seen by blowing into it. It can

also be inflated upon the surface of the body, whenever

it exists in large masses uncharged with fat. For this

purpose it is sufficient to introduce the nozzle of a pair

of bellows into one of these masses, when the air driven

in not escaping readily, distends the cellules, which re-

semble then a mass of foam.

For examining the chemical qualities of cellular tis-

sue it is best to take it from parts of the body, such as

the scrotum, where it contains no vessels and cellular

serosity.

The cellular and adipose tissues not forming special

organs are never preserved for the purposes of demon-
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stration, but are simply rendered apparent upon fresh

bodies. With the exception of the first, which can be

inflated and then dried, they lose their characters both

in the dry or wet state.

267. The fatty mass of Insects is at once seen by

opening the body of a larva along the back, and drawing

aside the two edges of the incision, and fixing them to

the plate upon which the animal is placed. Its two

lateral lobes, more or less irregular, adhere but little to

the other organs, except by the tracheae, and are easily

separated and removed from the viscera which they

envelope.

In perfect Insects small lobules merely are found in

the abdomen, and chiefly upon the al(B of the dorsal

vessel, where they are seen upon raising all the other

viscera, after opening the animal from the ventral sur-

face.

The fatty mass of Insects is a part almost of too

little importance to be preserved per se in collections.

If, however, a preparation is made of it, it must be

placed in some fluid which is not alkaline, as that would

convert it into soap.

268. True fat lobes cannot be discerned in the Crus-

tacea. In opening the abdomen of large spiders, along

the dorsal line the fatty mass may be observed envelop-

ing all the organs, but can hardly be preserved.

If true cellular and adipose tissue is met with in the

Mollusca, Radiata, &c., the same methods as those

above indicated can be adopted for its dissection and

preservation.
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CHAPTEE lY.

OSSEOUS SYSTEM.

SECT. I.—VERTEBRATA.—Mammalia,

269. Dissection.—To study the developement oi hones,

these organs must be examined in very young subjects,

when they are beginning to ossify, and afterwards in

adults when their developement is completed. In the

bones of the foetus it may be very distinctly seen how
the calcareous matter accumulates around the points of

ossification, where it is disposed in fibres resembling a

species of crystallization, in which the osseous substance

deposits itself at first in small radiating fibres in the flat

or short bones, and in a course more or less parallel in

the long ; also how other fibres develope between the

first, so as to fill up their intervals, forming with them

areola, the meshes of which are most frequently elon-

gated in the direction of the bone and its apophyses.

These fibres being much closer upon the surface, their

intervals are at length filled up completely so as to form

the compact ivori/ tissue; while towards the interior

the areolae remain larger, and form a number of little

osseous columns, which cross and unite together in

numerous ways to constitute the spongy tissue, which

fills up more particularly the flat bones as well as the
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short, and the epiphyses of the long ; an arrangement

which is chiefly remarked in bones not quite formed.

270. In order to obtain the bones in this state of

pseudo-developement, those of a foetus are macerated

some days in water, and the periosteum removed as soon

as it becomes easily detached, and before the gelatinous

parts have become sensibly altered ; when in the midst

of a semi-transparent organic substance the different

points of ossification, with the form they assume, are

distinctly perceived, and if it is wished to have them

separate, the maceration has only to be continued until

the gelatinous part of the bones has disappeared, and

then the osseous particles, which remain unchanged,

should be washed in plenty of water.

271. The property which madder possesses of co-

louring the bones when mixed with the food of ani-

mals, and of being re-absorbed when its use is discon-

tinued, has led to its adoption as a method of studying

the developement of bones.

272. To study the structure of bones in relation to

their chemical composition, they are prepared so as on

the one hand to remove from them the earthy particles,

and on the other to get rid of the gelatinous part, so as

to see the particular structure which each presents. In

order to separate the mineral constituents, principally

composed of alkalies, the bones, either recent or dry,

must be digested for some days in muriatic acid, diluted

with three times its own weight of water, and at a tem-

perature of 32° Fahr. ; when the acid is saturated the

liquid is renewed, until all the calcareous particles are

dissolved. The specimen is afterwards placed in fresh

M 2
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water, which is frequently changed in order to remove

all the acid that remains, and it is thus obtained reduced

entirely to its cartilaginous basis, but preserving the

same form, which, as a bone, it had before the opera-

tion, though if kept dry it will harden and curl up. In-

stead of muriatic, any other acid, or simply vinegar, may
be employed, but it is clear that those which form with

lime, salts insoluble in water should be avoided. When
it is wished to have the earthy part alone, the animal

matters are removed either by calcination, or by boiling

the specimen in a Papin's digester ; the water dissolving

out the gelatine, and leaving the earthy constituents

exposed.

273, A ready method of effecting the qualitative

analysis of bone, consists (after having removed the

animal matter) in treating a portion of burnt bone with

nitric acid, diluted with from five to six times its bulk

of water ; brisk effervescence ensues, proving the pre-

sence of carbonic acid. Filter the acid liquid after di-

luting it with water, and add a solution of caustic am-

monia, as long as the precipitate first formed continues

to be re-dissolved by agitation ; then add a solution of

acetate of lead, till it no longer occasions any precipi-

tate. The dense white precipitate thus produced, con-

sists of phosphate of lead, which melts before the blow-

pipe, and on cooling assumes its characteristic crystalline

structure. Through the solution filtered from the phos-

phate of lead, pass a stream of sulphuretted hydrogen,

to remove the excess of lead ; warm the liquid to drive

off the superfluous gas, and filter ; then neutralize by

ammonia, and add oxalate of ammonia, as long as any
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precipitate occurs ; abundance of oxalate of lime will fall

as a white powder. Evaporate the filtered liquid to

dryness ; ignite the residue, and wash with hot water
;

the magnesia will be left behind in a pure form.

274, In order to make preparations of the bones

when in an entire state of developement, so as to see

their structure, incisions are made in them in different

directions with a fine saw, but as this instrument

notches the edges of the incision, they must be

smoothed afterwards with .a fine plane, if the specimen

be long enough to admit the use of that tool. For

short specimens a series of fine files may be successively

used, and better still the lathe ; for this purpose the

section is fixed upon a wooden chuck, with isinglass

or Flander's glue, and one of the sides is then planed

with a fine chisel ; being afterwards turned, the other

is worked down equally, so as to reduce it in this

manner to the required thickness, that of a thin sheet

of paper j the specimen may afterwards be submitted to

the grindstone.

At other times the bone may be simply split, so as

to see its line of fracture, and by this method the sepa-

ration taking place more particularly in the direction

of the fibres, they are displayed in a much neater way.

To make good preparations of the spongy tissue,

fresh bones should be used in preference to dry. In

the latter the desiccated marrow fills up the areolae,

and there is some difficulty in freeing them of it, except

by repeated washings with essence of turpentine, which

is tedious and expensive, and does not succeed very

well. If, however, fresh bones are used, the required
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sections are first made with a saw, and the specimen

left to macerate for fifteen days in a weak alkaline ley

(^131), which converts the fat into soap, and renders

it soluble in water. Bones which have been macerated

only in water, but have not been allowed to become

dry, may be also employed. The matter contained in

the cellules, being liquid, can be forced out by squirting

warm water into them from a syringe, and when they

are well cleared, the preparation is dried and the in-

cisions rendered even.

275. The study and preparation of white cartilages

are conducted in a very similar manner, these parts

differing chiefly from bones, in being charged with a

much smaller quantity of calcareous matter, though dis-

tributed more uniformly through their substance. The

yellow elastic cartilages, which have more analogy with

the ligaments, are prepared by cutting them into very

fine lamellae, to be placed under the microscope (11202).

276. To separate the bones of an animal, so as to

study their form and relations, or re-adjust them after-

wards in their place by mounting the skeleton, different

methods are adopted. The quickest consists in remov-

ing coarsely the flesh and other soft parts, taking care

in doing this to cut the bones as little as possible, and

especially their articulating surfaces, where they are

clothed with cartilages, in which notches are very easily

made, and parts of the bone thus injuriously exposed to

the action of water longer than the rest. Care should

also be taken not to remove certain small bones, which

might readily pass unnoticed, if particular attention is

not paid, such; for example, as the rudimentary clavicles
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of many Mammalia, the little ossicles of the ear, the

ossa sesamoidea, the pieces of the hyoid apparatus, &c.

The bones being stripped of their flesh, may be boiled

for some hours to remove soft parts which may be still

attached, and after being well cleaned, either put at

once to dry, or else exposed for many months to the

wet and dew, especially from December to May, during

which time they will be most frequently moistened and

dried alternately, or they may be artificially watered, to

accelerate their bleaching ; they should also be turned

often. It is to be observed, that too strong a solar heat

during the summer alters the gelatinous part of the bones

and causes them to split, giving them at the same time

a white chalky colour, as if they had been calcined.

277. Sue (Anthropotomie, p. 251. 1765) recom-

mends for obtaining bones very white, to select subjects

as ex-sanguined as possible, or those which have died

from some lingering disease, especially dropsy. The

bones are cleaned without removing the periosteum, and

the skeleton is steeped for some days in lukewarm

water, to clear it of the blood which it still contains ; it

is then plunged into a ley of 2 parts soda, 4 of quick

lime, 3 of alum, and 6 of charcoal, in which it is left

to macerate for ten months or more. At the end of this

time the bones are cleaned, dried, and varnished over

with white of egg. The above proceeding is partly

that which is now generally employed, though Sue does

not state the quantity of each ingredient of his ley in

proportion to water. It must be remarked, however,

that alum, as well as all acid substances, attacks the

calcareous part of the bones, and should be therefore
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carefully avoided, or the bones submitted to them a very

short time. As to quicklime, it forms insoluble de-

posits in the water, and encrusts the bones to such an

extent that it is impossible, later on, to clean them;

lastly, the ley of ashes soils them ; and it is better to

employ that of potash or soda, as answering the purpose

quite as well.

278. The best method of preparing bones by boiling,

consists,—after having stripped off the flesh, in mace-

rating them for two or three days, in warm water during

winter, and at the temperature of the atmosphere in

summer, to clear them ; they are afterwards boiled for

two hours in pure water, the upper surface of which is

skimmed to remove the grease which floats upon it, and

the bones are next taken out and cleaned with knives

and brushes. After this first operation, they are. boiled

again for about half an hour in weak ley (H 131), to

saponify the rest of the grease contained in the bones,

and render them capable of drying ; they are then taken

out, brushed again in cold water, and set to dry.

279. The bones of large animals, previous to boiling

or maceration, should have a hole communicating with

their internal cavity pierced at either end, into one of

which hot water can be forcibly injected from a syringe,

so as to drive the marrow contained therein, out at the

opposite opening. When the bones are cleaned, they

can be put into a strong ley (H 132), which completes

the cleaning of their cavity, for if the marrow be allowed

to remain in them, it transudes afterwards through their

substance, and renders them not only of a brownish

yellow, but gives them a very rancid and disagreeable
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odour. The bones if then not sufficiently white, may-

be bleached by dew. It is a bad plan to use a solution

of chloride of lime for whitening them, as it acts upon

them, and destroys, more or less according to its strength,

the natural smoothness of their surface. In bones thus

prepared by boiling, there is this disadvantage, that they

lose their articular cartilages, as well as those uniting

the epiphyses to their principal pieces, while at the same

time the borders not yet ossified are dissolved and

rounded off, so that they will no longer fit to each other.

The blood, moreover, contained in the bones and con-

tiguous parts becoming coagulated, or the medullary oil

being brought by the heat into the compact substance

of the bones, gives them a disagreeable colour, which it

is impossible afterwards to remove.

280. The process of maceration, now generally em-

ployed, is far preferable to the above, when time can be

spared for it. For this purpose the bones, denuded of

their flesh, are steeped four or five days in fresh water,

which should cover them over completely to some depth,

so that the blood in them may be disengaged. In win-

ter warm water should be employed, and the trough

placed in a warm room ; but in summer, as already

stated, it is sufficient to take the water at its usual tem-

perature. At the end of this time, when the flesh has

become very pale and white, the water is renewed,

and the decomposition of the soft parts left to finish

;

the bones are then taken out, cleaned, and placed in

another trough of fresh or lukewarm water, and left

therein again for some days, to remove the bad odour

which the putrefying flesh has given them, and then

dried for preservation.
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Instead of renewing the macerating water but once,

as has been said, it is better to change it frequently, and

macerate in a large quantity of fluid, the bones be-

coming whiter by this means, though the flesh is slower

in decomposing.

The marrow must be got out of the bones by the

process already indicated (U 279), and lastly the grease,

by putting them for final maceration in some weak ley.

281. It will be useful to remark here, that the kind

of water used is no more a matter of indifference than

the vessel in which the bones are placed, but should

be also taken into consideration. It should be taken

from a stream or well, or be rain water which has fallen

directly into a tub, and has not remained there long.

But ditch water or rain which has trickled over the roofs

should never be used, from their developing Confervas or

green matter.

The water must be also in sufficient quantity, so that

in diminishing by evaporation, no part of the bones pro-

ject above its surface, as then the periosteum and flesh

drying upon them tinges them of a greyish brown hue,

which it is difficult to get rid of.

282. The cartilages becoming detached when mace-

ration is carried too far, it is a good plan to prevent this

happening by removing in time from the water the bones

which support them, and cleaning them before the rest.

As this is very liable to occur in the costal cartilages,

from their being easily disunited from their respective

ribs, especially in large animals, they had better be

separated at the first from the ribs, leaving them, how-

ever, joined to the sternum, so as to prepare them to-

gether.
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283, The skull in the Mammalia being formed of a

numerous assemblage of bones, which easily separate in

the young, should be removed in time from the macera-

ting water, if it is not wished for it to come to pieces.

The teeth, and especially those which have only a

single fang, escaping easily from their alveoli, run a risk

of being lost in the sediment which forms at the bottom

of the trough when they are very small. To obviate

this, they ought to be removed with care as soon as

detached, and preserved until they can be replaced upon

the preparation.

284. When a disarticulated head is wanted, a speci-

men must be selected which has not quite reached adult

age, and the larger the size of the animal, the younger

generally it must be. This relation varies, however, in

the class, family, and even species. In many small ani-

mals, as the Rodentia, the head can be readily disarti-

culated long after birth. The facility of separation will

depend partly upon the depth of the bony sutures.

To separate the bones of the head, which usually

interlace upon all sides, dried peas are often employed

;

the skuU having been filled with these from the, foramen

magnum is laid in water, when they swell out, and press-

ing upon all sides against the internal surface of its

cavity with a gradually increasing force, the disjunction

of the bones is at length produced ; but it may happen,

also, that the sutures are so disposed as not to yield thus

readily, or in the direction in which the force acts, and

fractures are then the result. In placing, too, a dried

head filled with peas in water, they swell out in a few

hours, while the bones, softening but slowly, are broken
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before they have acquired sufficient elasticity to give

way. It has been recommended, therefore, to soak the

skull some days in water, before putting in the peas, so

that the bones may become slightly flexible.

285. The above very simple method should only be

employed when no accidents can occur with it. In the

contrary case, it will be better to disunite the different

bones with the hands, aided by such instruments as

levers, pincers, &c., which must, however, be used with

great caution.

The bones which separate the most easily are com-

menced with, as those of the nose, the intermaxillaries,

malar, upper jaw, and all that belong to the face. In

certain cases the above two methods may be combined.

286. Horizontal and vertical sections of the crania

of different Mammalia are extremely instructive, and

may be made with a fret saw, care being taken in the

vertical division not to go too near the mesial line, for

fear of destroying the azygos bone or vomer.

287. In preparing the skeleton of very young sub-

jects, and of the foetus, care must be taken not to re-

move the periosteum, and principally near the juncture

of the epiphyses, as in adhering to the bones it keeps

their parts together, and will disappear almost entirely

in drying.

For making preparations of the primitive ossific

nuclei before their union, it is advisable not to wait until

maceration has destroyed the cartilage connecting them,

but to remove them from the water as soon as the flesh

is decomposed.

288. To see the different degrees of developement of
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the teeth, the bones containing them should be laid open

from one of their surfaces, in a subject replacing its

teeth, as in Man between the ages of seven and twelve

years. The parietes of the bones are removed bit by

bit with a cutting instrument, file, or rasp, and thus the

whole course of the dental canal is exposed. In

making the preparation upon a subject whose anterior

teeth are already replaced, those behind them are found

less and less developed. Those which are about to

pierce the gum, will be found applied immediately be-

neath, or to the sides of the milk-teeth, which they push

out, and those, the germs of which are beginning to de-

velope, will be further removed towards the bottom of

the bone. In order to comprehend this arrangement

more easily, the preparation has only to be made upon

an uninjected subject, and macerated for some time to

discharge the blood from the bones, but not until all

the flesh is rotted ; for if the gum became detached it

would carry with it the milk-teeth, which merely hold

on to it. To avoid this, the gum is first slit upon each

side along the whole length of the alveolar margins, as

as far as the jaw-bone ; its internal and external parts

are then removed, leaving in situ the strip which retains

the teeth. The bones are afterwards opened from the

side, to render the young teeth apparent, and the soft

parts removed from within, so as to leave only the teeth

and their gums.

When it is wished to see not only how the milk and

permanent teeth are disposed, but at the same time their

relations to their bulbs, and the vessels and nerves of the

latter, the preparation must be made upon a fresh in-
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jected subject, and left, to clear out the blood, for some

time in warm water, so that it may turn out a white

and beautiful specimen. In other respects the process

is the same as before described ; care, however, being

taken to preserve in its place the entire odontogenic

apparatus. Similar preparations should be made upon

children of one to two years, to show the developement

of the milk-teeth.

The osseous part of the teeth presents, when broken

or cut in different directions, concentric layers, indica-

ting its mode of formation, and in the centre, a cavity

occupied by the bulb upon which the tooth is moulded,

terminated below by a little canal which traverses the

apex of each fang, and by which the nerves and nutrient

vessels enter. The intimate structure of the teeth may
be learnt by making very fine sections (1[ 186), and sub-

mitting these to the microscope (H 204) ; sometimes it

is better to break them, as the fibres and grains are thus

more distinctly shown when viewed by reflected light

(H 197). If the teeth are placed in hydrochloric acid

diluted with water, the calcareous matter dissolves, and

the gelatinous part, which belongs almost entirely to the

osseous substance, the enamel containing very little of

it, is left.

289. The injected vessels of bones are difficult to

see without being traced. In the flat and thin bones of

certain animals, as those of the cranium of birds, they

are to be seen through the two tables, by placing these

bones between the eye and a ray of light. But they are

easily exposed, by removing with a cutting instrument

or file the ivory part of the bones, and are often readily
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distinguished, from being contained, in their course

through the spongy tissue, in osseous canals, which ren-

der them very apparent. In long or thick bones, the

operation is more difficult, as it is almost impossible to

trace one of the vessels, which are generally small,

through the ivory substance. The work is facilitated

by plunging the specimen some time in dilute hydro-

chloric acid, which, dissolving the calcareous matter,

leaves only the gelatinous part, serving as an imbedment

to the vessels. In this state the vessels become apparent,

by the transparency of the matter enclosing them, and

may be more easily pursued by dissection.

The following method is indicated for isolating

vessels which enter bones :—The bones are macerated in

dilute nitric acid, until they have lost half of their

earthy particles ; they are then washed in cold water,

and boiling water poured over them, in which they are

left to rest for twenty-four hours, the water being kept

at the temperature of about 240° Farh., without boihng.

During this time the cartilaginous part, freed from the

calcareous, dissolves and leaves the vessels exposed

;

and they are then so slightly adherent as to fall out at

the least touch. Nerves have not yet been discovered

in bones, although they probably exist there.

For the mode of preparing the periosteum of the

bones, see the ligamentous system of the Mammalia,

(*f[328).

290. Natural Skeletons are so called, from the seve-

ral bones being left united to each other by their liga-

ments after maceration, all the other soft parts having

been carefully removed. They are usually unsightly, from
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its being almost impossible to get rid of all the flesh,

which, along with the blood and grease, dries partially

upon, and discolours the bones ; added to which, some

persons varnish them over, which renders them quite

repulsive. These disadvantages have led M. Straus-

Durckheim to employ the following different method of

preparing natural skeletons, and which was suggested

to him by the property which gelatinous parts possess of

preserving by being tanned or tawed.

291. The skeleton is macerated as for the artificial

kind, and when all the soft parts, with the exception of the

ligaments, are decomposed, is removed to be cleaned

and washed. It is macerated afterwards for some days

more in fresh water to get rid of the foul odour, and then

placed in a bath of alum-water and common salt (^ 116),

wherein it is left for five or six days, and even longer,

until the ligaments are tawed or converted into leather,

and then the skeleton is mounted, the bones of which,

perfectly clean and white, are seen united by small

bands of very strong and white leather. To prevent

insects from destroying these ligaments, which, how-

ever, they are less likely to do than those upon the com-

mon natural skeletons, they are impregnated slightly with

the alcoholic solution of corrosive sublimate (H 122).

292. For making skeletons of very small animals,

the assistance of those insects which are so formidable

to all collections of natural history, from the rapidity

with which they destroy animal matters, as the genera

Dermestes, Anthrenus, Ptinus (IT 13), is employed. The
skeletons are enclosed, roughly prepared and dry, in

boxes, along with a number of these insects, which mul-
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tiplying, gnaw all the dried soft parts, leaving the bones

and deep-seated ligaments, which they cannot so easily

get at, though in the end they will insinuate themselves,

and destroy these also. From time to time, therefore, the

boxes are visited, and their operations aided, by the re-

moval of certain parts ; by thus superintending their

work, the proper time is seized upon for withdrawing the

skeleton from these little anatomical assistants.

The agency of ants is frequently used instead of that

of the above insects, from the expeditious manner in

which they prepare chiefly fresh skeletons. For this

purpose the skeletons, coarsely stripped of their flesh

and placed in a box, are set over a formicary. The ants

soon get to work, with such industry, that often in less

than a day, the skeleton is entirely deprived of ail its

soft parts ; but they often detach and carry away pieces

which had better been left in their place, and to prevent

this, the holes in the box should be made just large

enough for a single ant to pass through.

293. For articulating or mounting artificially the ske-

letons of Mammiferous animals, diff°erent methods are

employed. Most of these, however, are but slight modi-

fications of each other, and as a knowledge of any of

them will be at all times more easily gained by a little

practice and observation than by the most minute des-

cription, it must suflice here to mention only the general

plan upon which the above process is conducted.

As a general rule it may be stated, that the smaller

the number of wires used in uniting the bones, the

better will be the appearance of the skeleton, regard of

course being paid to a requisite degree of firmness and
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solidity. The wires should also be concealed as much
as possible from view. The attitude of the skeleton

had best be that of perfect rest, and all fanciful positions

should be avoided.

The vertebral column, from its forming the central

part of the skeleton, and having to support all the rest,

is first to be placed in position, for which purpose it

is either fixed upon a frame (H 53), or suspended, if very

large, by any convenient contrivance. As the interver-

tebral ligaments have been removed by maceration, they

must be replaced by artificial ones of the same dimen-

sions, made of discs of leather, cork, or in very large

Mammalia, as the whales, where the ligaments are ex-

tremely thick (more than four inches), of wood. To
unite the vertebrae together, so as to prevent any motion

between them when the skeleton is moved, a hole is

drilled through the body of each, and afterwards ren-

dered square by means of a file. Into this an iron bar

of corresponding shape is to be introduced, of sufficient

length to thread all the vertebrae and false ligaments

between them together. The different curves are given

to this rod, which the vertebral column ought to have

when mounted upon it, observing that in proportion to

the weight of the latter, the curves must be made either

stronger or weaker, so that they may retain the same

flexures when the bar is introduced. An iron rod may
be also passed through the spinal canal to ensure greater

strength, and in skeletons of small size, may be sur-

rounded with black paper or tape, so as to slip into them

by friction, prevent the vertebrae from shaking, and ren-

der the intervertebral foramina more apparent.
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294. The vertebral column being set up, the ribs

are attached to it by two wires for each, one connecting

them to the transverse process, the other to the side of

the body of the vertebrae. The form of the vertebro-

costal articulations should be carefully observed, so as to

give the ribs as closely as possible the direction which

they had in the living animal. All the ribs of one side

are then fastened together by one or two copper wires,

twisted in the form of a string in the intervals between

them, and receiving each within it in succession. This

wire is fixed in front as a point of departure to the

transverse apophysis of one of the last cervical vertebrae,

from whence it passes to the extremity of the first rib,

and so on successively to all the rest. It is best to ad-

just the wire to each of these bones, wherever it is

obliged to deviate from the straight direction, either by

making a slight notch in the rib, or passing the wire

through the thickness of the bone. Behind, the wire is

fixed to the pelvis. A second chain is frequently placed

over the middle of the ribs to keep them well in place.

295. The sternum and costal cartilages should be

prepared and articulated separately, and as the latter

being very soft when taken out of the v/ater harden and

curl up in drying, they must be fixed in proper position

upon some solid body to dry, before attaching them to

the skeleton.

296. For fixing the head, the anterior extremity of

the bar which threads the vertebral column is made to

enter the foramen magnum, and to curve directly up-

wards within the cranial cavity, so as to press against

the inner surface of the occipital bone. If the skull is

N 2
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light, a wire upon either side connecting its condyles

with the transverse processes of the atlas, will suffice to

keep it steady. But when it is very heavy, a square

iron peg may be introduced from above, through the

vertebral bar, where it is entering the foramen, and made

to pass out through the posterior part of the base of the

cranium, against which its extremity is to be bent, and

so tightly secured.

297. Much of the beauty of a skeleton will depend

upon its being so contrived, that in all cases the four

limbs shall of themselves support the rest of the skele-

ton, without the addition of iron supports rising upwards

from the stand. In the largest animals, this may be

eifected by the folioVving simple contrivance :

—

For the anterior extremities, a short and square iron

bar is passed transversely through the body of the se-

cond or third dorsal vertebra, and beneath the one which

threads all the vertebrae together. Its two extremities

are perforated and project upon either side beyond the

inlet of the thorax, being completely concealed, in a

lateral view of the skeleton, by the expanded portions

of the scapulcd. Two other square iron bars, provided

above, with a shoulder upon which the openings in the

transverse bar rest, descend, curving slightly outwards,

and entering the glenoid cavity through the inner sur-

face of the neck of the scapula, are inserted as far down

the shaft of the humerus as possible, within which they

terminate. A second square rod penetrates the latter

also, but from below upwards, and is continued through

the remaining large bones of the fore-leg, and fastened

to the stand, or pedestal, through which it passes, by a
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screw and nut upon its under surface. The pelvis hav-

ing been attached to the sacrum by a transverse wire,

traversing the latter and the two ihac bones, and se-

cured at either end by a screw and nut previously pre-

pared, similar bars to those used above are driven

through the acetabula into the femora, and fastened

within the pelvis, while another perforates the femur,

the tibia, astragalus, and long metatarsal bone, if the

skeleton be that of a Ruminant. The small bones of

the carpus, tarsus, and phalanges are united by separate

wires, and adjusted afterwards in their place.

For placing the anterior limbs in a right direction,

especially in those species with an incomplete clavicle,

the position of the scapulas must be well examined upon

the living subject. In the Carnivora, this bone is

placed obliquely from above, downwards, and forwards,

its upper border projecting considerably over the spinous

processes of the first dorsal vertebrae, while in the Rumi-

nantia and Solipedes it scarcely reaches their summits.

In a well mounted skeleton the scapulae should be

kept at a small distance from the ribs, equal to that which

the subscapular and serrati magni muscles have filled up.

298. For uniting the bones of the hands and feet in

large animals and preserving the means of separating

without disuniting them, so as to study them more

easily, they may be all threaded together with a spiral

brass wire, which keeps the bones united, but admits

of their being drawn apart in different directions.

Where the bones leave naturally an interval betwixt

each other, as in the metacarpus, and metatarsus, all

those situated in the same direction are traversed by a



182 OSSEOUS SYSTEM MAMMALIA.

common wire, which in the intervals is surrounded by a

spiral coil. In this way the bones are forcibly united,

and kept also at a distance from each other. As to small

skeletons it is often most convenient to glue rather than

unite the bones together by metallic braces, which often

cause them to break; silken threads may be also used

instead. Small skeletons are best put up naturally, with

their ligaments, and prepared as before indicated.

When it is wished to make a preparation of several

bones united together, but capable of being temporarily

separated for study, the carpal and tarsal for example,

the best mode is to prepare them at first as for natural

skeletons. After having tawed the ligaments, they are

cut upon one side, leaving only such of the opposite one

as are absolutely necessary for preventing the bones

from separating. Thus prepared, the ligaments may be

folded several times upon themselves before they will

break.

299. Preservation.—Bones are the easiest parts

to preserve, from their resisting the action of all ordi-

nary external agents without being sensibly altered for

a great number of years. Still, however, exposure to

the air, with alternations of wet and dry weather, re-

moves in the end their gelatinous part, and these organs

reduced to their calcareous constituents become as if

calcined, and white like chalk. When, on the contrary,

they are sheltered from the air, as are fossil bones, they

preserve their gelatine so long that it is found even in

fossils thousands of years old. In collections, the bones

experience no alteration, excepting the grease trans-

uding through and yellowing them, which may be pre-
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vented. It is not so with the ligaments entering into

the composition of skeletons ; these bodies being more

or less changed in time by moisture, from which they

should be kept, are attacked by insects, though less,

however, when tawed, than in the natural state.

Many anatomists coat them over with varnish, which

preserves them it is true from moisture, but has the

disadvantage of rendering them very dirty and disgust-

ing ; washing them simply over with corrosive sublimate,

as explained before, prevents insects from gnawing them,

perfectly preserves the skeletons, and is therefore to be

preferred.

Preparations of detached bones may be fixed in glass

bottles, upon cylindrical cork supports, to w^hich they

are attached by pins traversing their middle. All these

specimens are placed one after another in anatomical

order, and in groups, according to the same principle.

AvES.

300. Dissection and Preservation.—The pro-

ceedings employed for preparing the bones of Birds, are

absolutely the same as for the Mammalia.

To make preparations of the detached bones of the

head, very young subjects must be taken, as in these

animals these bones coalesce at a very early period, and

before they have attained their full growth.

A single iron support is given to the skeletons of

Birds, and this terminates above in three branches, of

which two short and lateral, forming a fork, pass between

the two sacral vertebrse, whilst an anterior branch, very

long, follows the inferior surface of the spine as far as
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the middle of the neck, where it ends by a transverse

bifurcation directed backwards, upon which one of the

cervical vertebrae rests. The rod which passes through

the vertebral canal serves, as in the Mammalia, to fasten

the vertebrae and head together.

The wing bones should be secured to the side of the

thorax as in a state of rest, by means of fine brass or

malleable iron wire, twisted round any of the nearest

ribs.

The skeletons of Birds of moderate size may be

mounted, by simply using for their support iron rods

traversing the whole length of the femora, tibise, and

tarsi, and united in the pelvis by a long bracket di-

rected forwards, upon which the pelvis, and through it,

the whole body rests. Through the spinal canal there

passes likewise an iron wire twisted round with black

paper, which, filling up that cavity, prevents the bones

from shaking. A similar wire passes into each toe, and

another into the main bones of the wings. These ske-

letons have thus the appearance of supporting themselves.

The preservation of the skeletons of Birds is the

same as for the Mammalia.

Reptilia.

301. Dissection and Preservation.—Preparations

of the bones of Reptiles are made precisely in the same

way as those of Mammalia, and similarly preserved. It

is, however, extremely diflicult to make artificial skeletons

of the small species, especially of the Ophidians, and it

is far more convenient therefore to make them natural,

still selecting the very moment when the flesh can be
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easily removed for cleaning the bones, as some few days

later the ligaments of the ribs become detached.

In preparing the skeleton of the larger serpents, such

as the Boa Constrictor, in which the vertebrae and ribs

are very numerous, it is necessary to preserve by some

method their order of sequence before they become de-

tached, so that they may be afterwards correctly articu-

lated. The spine of the above serpent is composed of

304 distinct vertebree, of which 252 support ribs. The

skin and other soft parts having been coarsely removed,

the vertebrae may be separated first of all into two

parcels, the largest as just stated bearing ribs, the re-

maining 52 being without them. A wire or string may
be passed through the vertebral canal of all the latter,

and the two ends fastened, so that the bones may not

come off, and thus strung together, they are placed in

in the macerating trough. The same should be done

precisely with the remaining vertebrae, which can how-

ever, for convenience sake be divided into 6 portions,

each of which will contain 42 of these bones, and of

course, double that number of ribs. Each of the ribs

should be detached from the vertebrae, first upon one

side, and then upon the other, and as they are removed,

united by a string tied round each, to one of the ends of

which, before being fastened together, a coloured head

or any other body might be attached, to indicate whether

the series of bones belongs to the right or left side. In

proceeding afterwards to mount the skeleton, no difficulty

or confusion will arise. A wire must be passed through

the bodies of the vertebrae, and one through the canal to
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support the head, different curves being given to it pre-

viously to its insertion. Each rib will be articulated to its

transverse process, by a vnre passed through the latter

and its neck, the twisted ends being turned downwards

and inwards, so as to be out of sight. The extremity of

almost all the ribs will have to be drilled for the inser-

tion of fine pins, which are to support them upon the

stand. The head should be macerated separately, and

carefully watched, so as to keep the bones if possible

united by just sufficient ligament, as to render any

braces needless, except for the mastoid, tympanic, and

inferior maxillary bones, which are but loosely con-

nected. Particular care should be also taken of the

teeth, that they are not lost.

As to the skeletons of the Batrachia, it is very easy to

make them artificial, with the exception of the feet, the

ossicles of which are too small to be joined together by

wires.

Chelonia.

302. Dissection and Preservation.—When it is

wished to prepare the skeleton of a Chelonian, having

stripped it of its flesh, it is put to clear in warm water,

previous to submitting it to maceration ; but as the

scales clothing the carapax detach very slowly by this

method, recourse must be had to boiling, if it is

soon to be completely exposed. To see the interior of

the trunk, the plastron is usually removed, by cutting

it upon each side between the slits for the exit of the

extremities ; and in order to have an internal profile.
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the carapax may be cleft along the median line, or

else at a little distance from it, so as to leave the ver-

tebrse entire.

Preparations of the bones are preserved like those of

the Mammalia.

Pisces.

303. Dissection and Preservation.—It is very-

easy to divest the bones of Fishes of the flesh adhering

to them, slight ebullition for some minutes in water be-

ing sufficient to detach it, as the gelatinous parts dis-

solve very readily by boiling, and the bones are obtained

perfectly white. However, as they still contain some

grease, it will be well to macerate them afterwards for

some days in a weak ley, which very easily penetrates

the generally small and thin bones. As the bones of

Fishes are very loosely articulated to each other, they

can scarcely be restored to their place, after having dis-

joined them, to make artificial skeletons, though some-

times, however, it may be managed, by refastening the

ossicles by means of small braces of soft iron wire ; but

for this purpose it is best to have a natural model, indi-

cating the situation of each bone, as, without this, one

would hardly succeed.

304. In preparing entire skeletons of the Osseous

fishes, Mr. Knox recommends removing first the pelvic

bones, with the fins which they support, and the pec-

toral extremities from their articulation to the temporal

bone, detaching along with them also the small and

rudimentary sternum which lies between them. The

hyoid apparatus, including the hyoid bones, branchial
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arches, and branchiostegous rays, is next to be detached

from its connection with the styloid processes of the

temporal bone. These different portions of the skeleton

should then be put into water, while the spine, with its

ribs and processes, and the inter-spinal bones supporting

the fins, are immediately cleaned. The thin cuticular

covering of the fins may be removed in a sheet with a

pair of good forceps, and the dark pigment beneath,

swept oit by a tooth-brush in warm water. A wire is

to be passed repeatedly down the spinal canal, and

through that formed by the inferior vertebral arches, and

the preparation allowed to remain in abundance of wa-

ter for a day or two. The pectoral extremities will next

require to be cleaned, and then the hyoid apparatus, the

vascular fringe supported by the branchial arches, being

cut off close to the latter, but on no account removed,

as the whole assemblage of bones would in that case

separate o The membrana branchiostegi is then to be

cautiously dissected off the rays, as they are very slightly

connected to the hyoid bone. The pelvic bones are cleaned

in a few minutes. The principal masses requiring to be

removed from the cranium are the temporal and masseter

muscles, in doing which the only bones in danger are

the small chain of osselets, forming the external and in-

ferior wall of the orbit, and which had better therefore

be detached at once, and strung on a delicate wire to

be attached to the head when it is cleaned and dried.

The remaining cranial bones will be found connected

by pretty strong ligaments. The brain having been

carefully washed out, the skeleton is allowed to remain

an hour or two under a gentle current of pure water.
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Each portion of it may then be taken out, and fixed in

position upon a clean board with pins, so as to get dry.

The hyoid apparatus will require to be distended with

portions of Bristol board, so as to preserve the relative

width of the gill covers. The head is suspended in a

frame, and the jaws, gill covers, &c. fixed, so as to dis-

play as much of their surface as possible. The hyoid

apparatus, then the pectoral extremities, being replaced,

the spine is connected to the head by a slender stick,

cut so as to fill up accurately the foramen magnum, and

thrust for a short way down the spinal canal. The ar-

ticulations required are extremely few, and must be done

with soft iron wire. A hole should be drilled in the

bones, and the ends of the wire, after being passed

through, rolled round separately, until the bones are

brought in close apposition, and the articulation feels

firm. This method is preferable to twisting the two

ends of the wire together, as the bones of most fishes

will be torn by this process.

305. The cranial cavity of the Cartilaginous Fishes,

the skeleton of which generally requires still greater

care in preparing, must be stuffed with tow in drying,

and a malleable iron wire, simply drawn through an

oiled cloth, passed along the spinal canal, to keep the

spine of its natural length and shape, and prevent the

canal from closing.

Preparations of the detached bones of the cranium

must be made by uniting them by soft iron wires, passed

through each, and twisted in a coil between them ; the

ends of the principal wires are then attached to a cen-

tral rod, which revolves between the upper ends of two
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vertical bars fixed at the extremities of the stand, so

that the assemblage of bones may be turned round to

view it in different directions.

306. In making the skeletons of Osseous Fishes,

care must be taken not to lose certain small accessory

pieces, very often as fine as threads, supported by the

ribs laterally, and which plunge into the flesh to give

attachment to the lateral muscles of the trunk.

When the Malacopterygian Fishes are prepared, the

fins of which enclose a multitude of small osseous gra-

nules, they'must be removed previously altogether, with

their inter-supra- spinous and inter-sub-spinous bones,

as well as those of the four extremities, in order that

the above granules may not separate by boiling. If,

however, there is time, the fins may be still removed in

one piece with their rays, even upon the body of a fish

which has been boiled, without separating these ossicles ;

but it is difficult to do so, and, as the parts become very

soft, these preparations can hardly be kept in place for

drying.

When it is wished to preserve the membranes which

unite the rays of the fins, they must be prepared by

stretching them out to dry ; for, when once they are

hardened, they cannot be softened sufficiently to give

another shape to the fin.

307. The teeth of Fishes not being always imj^lanted

in bony sockets, but simply in the gum or other parts of

the mucous membrane of the mouth, fresh specimens

must be used if it is wished to preserve them, for a

slight maceration or boiling will detach them, and so

they are lost.
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The iron support on which fishes are placed differs

from those ordinarily employed for Mammalia and Rep-

tiles, the posterior one, which sustains the tail, not

being placed in the median line, being prevented by the

inferior apophyses of the vertebrae ; and it must, there-

fore, have its fork made in such a manner that the

principal stem is in the direction of one of the prongs,

so as to be placed to the side of the median line, or, in

other words, laterally.

308. The methods of dissecting and preserving the

so-called skeleton of the Articulata have been described

in the section upon their Integuments, to which system

of organs it properly belongs.

SECT. IL—MOLLUSCA.

From their serving like the osseous system of the Ver-

tebrata, as a means of support to the soft organs of

the animal, this is the most proper place for noticing the

cartilaginous pieces, shells, &c., of the Mollusca.

Cephalopoda.

309. Dissection.—It is sufficient to make a longi-

tudinal incision in the integument of the back of a Ce-

phalopod, to expose its internal shell, and as the body is

generally soft, its position is very well recognized by

exploring the dorsal region with the fingers, before open-

ing the capsule which encloses it. In the Octopus alone
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this becomes more difficult, since the granules repre-

senting this concretion are verj'' small. When the shell

is external, no other preparation is required than what

may be made upon the shell itself to see its structure and

mode of formation, and such is managed precisely as in

the Gasteropoda, of which vide infrd.

As to the cartilaginous ring of the head, it must be

disclosed by opening the latter from its posterior or

anterior surface, so as not to injure the eyes.

The cervical piece is exposed to view by cutting into

the posterior surface of the neck of the animal. Lastly,

the cartilaginous bands of the fins are seen by slitting

the integument along the back, and drawing aside the

lips of the fissure, beneath which they are placed, but

care must be taken not to destroy them, since they are

often very fine.

310. Preservation.—The cartilages of the Cepha-

lopoda being very delicate, harden considerably by desic-

cation, and lose completely their natural form. It is

better to preserve them therefore in fluid than in the

dried state. Their primitive form can, however, be

restored, after having been dried, by letting them soak

some hours in water.

As to the shells, external as well as internal, they

may be preserved perfectly dry, and without any prepa-

ration, as is done in conchological collections. But if

it is wished to keep them in fluid, it must not be acid,

because the pieces are most frequently calcareous.

The shells of Loligo, being of a horny texture and

very thin, curl up more or less in drying, and may be

therefore kept in fluid ; but they are, however, so little
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distorted, that they may be very well preserved dry, and

softened afterwards in water, if it is wished to see them

in their natural condition.

Pteropoda.

311. Preparations of the shells of the Pteropoda

are made like those of the Gasteropoda, and require no

other care for their preservation than being kept in

some non-acid fluid when soft and cartilaginous, as in

CymbuUa.

Gasteropoda.

312. Dissection. — Different preparations of the

shells of the Gasteropoda are made to show their inter-

nal structure and form ; as cutting them with a very

fine-toothed saw in different directions, especially parallel

to the columella, to exhibit its disposition.

The structure of these productions by juxta-imposed

layers is very distinctly shown by cutting them very

obliquely to their surface, and these pla,tes may be often

counted, as in many species, such as Cypraa, the animal

gives at each stage of its grov/th an external layer to

the whole shell, often of a different colour from the

one preceding it ; and as these depositions are many
times renewed, alternate layers of very varied tints are

observed.

313. What proves, moreover, in an evident manner

how shells are constructed, are the repairs these animals

make in them when broken. Many examples of this

are seen, and may be caused to be performed under our
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very eyes, by making a small breach in the last turn of

the spine in Helix. If, however, the fracture is too

large, so as to expose a considerable part of the body,

the animal does not repair it, and perishes by desicca-

tion ; or even if made where the mantle cannot reach it,

no reparation takes place.

314. By macerating shells in acid (the hydrochloric

or nitric diluted with water), the calcareous part being

thereby dissolved, there remains only a substance appa-

rently mucilaginous, not fibrous, but divided into trans-

parent very fine lamellae ; and the epidermis (drap-tnarin)

remains intact, showing that it is not composed of cal-

careous substances. The epidermis ma)" be detached by

itself, by macerating the shell in weak vinegar. The
acidulated water dissolves the part of the shell subjacent

to that pellicle, which then becomes detached. In a

number of species the epidermis does not even exist.

315. To discover internal shells, a crucial incision is

cautiously made upon the adherent portion of the mantle,

care being taken not to thrust the instrument in too

deep, so as to disarrange the shell, which is not at all

adherent.

316. Preservation.—Nothing is easier than to pre-

serve shells, since they experience no alteration, either

in contour or composition, except when exposed very

long to the temperature of the air, so that great collec-

tions have been thus formed for many years past, with a

view of studying them in a zoological relation, as well as

by the agreement of their forms and colours. Where,

however, the animal is to be preserved in their interior,

they must be kept in spirit, and the apex of the last



ORGANS OF SUPPORT ACEPHALA. 195

whorl may be broken off to allow the fluid to reach the

whole body of the molluscous inhabitant.

AcEPHALA.

317. Dissection and Preservation.—The shells

of the Acephala are prepared and preserved precisely as

those of the Gasteropoda. By macerating them in

water holding acid in solution, there remains, as in the

shells of the latter, a part apparently mucilaginous, not

fibrous, composed of many very delicate lamellae, of which

each, without doubt, belongs to one of the different layers

of which the shell is composed.

The epidermis with which some are clothed, makes

little or no effervescence in acid fluids, which shows

that, as in the Gasteropoda, it does not contain calca-

reous salts, and is probably composed of the mucous

matter only, which constitutes the base of the proper

substance of the shell. By the microscope, especially

in the epidermis of Unio pictoriim, a cellular structure is

perceived in some parts, and a grumous in others, but

no fibres ; and these cellules appear to be due to a frothy

condition of the matter of the epidermis at the time

when it was deposited, and not to a true organization.

Brachiopoda.

318. The shells of these animals are prepared and

preserved like those of the other Mollusca.

o 2
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SECT. III.—RADIATA,

ACALEPHA.

319. Dissection and Preservation.— The prepa-

ration of the solid pieces of the Acalepha, consists

simply in freeing them of the soft parts, which is readily

eiFected, either by removing the latter with a scalpel, or

letting them macerate for some time in water, so that

the flesh detaches of itself. To preserve them they

must be kept in fluid, such as weak alcohol.

Polypi.

320. Dissection and Preservation.—The Poly-

pidoms, being either horny or stony, may be easily ob-

tained separately, either by maceration, or simply re-

moving mechanically the organized substance, after

having dried the whole. Difi*erent sections can be

made of them, and principally perpendicular to their

axis, to see the disposition of their substance in con-

centric layers, but for that purpose it would be as well

to polish the cut surface, so as the better to recognize its

texture. It is also instructive to break the Polj^idom

and examine the fractures.

The Polypidoms require no more care for their pre-

servation than the shells of the Mollusca, being, like

them, of a more or less calcareous substance, unchange-

able by the air, and not liable to the attacks of destruc-

tive animals.

Infusoria.

321. Dissection and Preservation.—The lorica
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of the Infusoria are too small to be submitted to any

preparation, further than that of their simple isolation,

by producing solution of the soft parts. As many of

these bodies are silicious, they are readily obtained by

immersing these animals in some weak mineral acid, as

the nitric or hydrochloric, which dissolves them without

attacking the silex.

According to the beautiful observations of M. Ehren-

berg, an immense number of these little shells are found

in a fossil state, either in certain kinds of Tripoli, or in

silex.

These bodies are too small to be preserved, other-

wise than " en masse," {^ 213).

CHAPTEE Y.

LIGAMENTOUS SYSTEM.

VEnTEBRATA.—M.KMMAj.iK.

322, Dissection. — The ligaments being generally

short, and approximated together in great number in

certain parts, such as the carpus and tarsus of Man, and

other Mammiferous animals, would be readily thrown

into confusion if many of them were cut through the

middle without removing them, as is done with the
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muscles; for in that case, their fibres separating would

form tufts, in the midst of which it would be impossi-

ble to make them out. It is advisable, therefore, to

examine well their points of attachment, and remove

one afterwards entirely, scraping away any fibres

which may remain, before cutting through another.

But, as many very different ligaments are often found

superimposed, they must be cut into with the greatest

caution, so as not to injure those placed beneath. The

articular capsules especially must be removed with great

dexterity, so as not to remove also their synovial bursse.

323. The synovial sheaths, which are prolonged more

or less upon certain tendons at their exit from their

fibrous grooves, not being supported from without, and

lying close upon the adjacent parts, are often difficult to

perceive, but may be rendered very apparent by infla-

ting them with a fine blow -pipe.

324. When the muscles and ligaments are being

dissected, which are commonly done at the same time,

care must be taken in the neighbourhood of the articu-

lations, not to hurry matters too much, and to raise the

tendons cautiously, only after having assured ourselves

whether they adhere or not to the capsules, or are ac-

companied by synovial sheaths.

325. "When the articulation, the ligaments of which

are to be preserved, is nearly stripped of the muscles

and other parts which are not to remain, it will be as

well to cut the bone at a certain distance from the arti-

culation, so that the specimen may be more readily

handled, and in this state finished by isolating care-

fully the ligaments, so as to render them distinct. This
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being completed, the part is put for one or two days in

warm water, so as to abstract as much of the blood as

possible, unless it is preferred preserving it with the pe-

riosteum and bones, deeply coloured by the above fluid.

In this latter case the specimen is simply washed in

plenty of water to remove any thing that might soil it.

After this first operation, the preparation is slightly

dried ; and in order that the articular capsule may not

adhere to the subjacent parts, some are in the habit of

making a small opening therein, and introducing some

wadding, such as cotton, flax, or hair, taking care to

grease or oil it previously, to prevent its sticking when
it has to be afterwards removed ; but it is better

still to fill the cavity with millet seeds, which insinuate

themselves easily into the minutest corners, and do not

adhere, owing to their smooth surface. Others dis-

tend these capsules with air, which they introduce by

an opening pierced very obliquely in their parietes, but

in this case it is plain that the capsule must not have

been previously cut into.

326. To remove the grease which fills the cavities

of the bones, the best plan is, when the latter are open,

to get rid of the greater part by mechanical means, and

to soak the specimen afterwards for some days in the

ley (If 131) ; the alkali combining with the grease con-

verts it into soap, which may be removed afterwards

by washing in lukewarm water, and scrubbing the pre-

paration with a brush.

327. In order to dry these anatomical preparations, it

is recommended to soak them some days in equal parts

of essence of turpentine and alcohol ; but, upon the one
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hand, this menstruum is very dear, and on the other, it

does not dissolve all the grease, as it is said to do, while

at the same time the turpentine always leaves in drying

a crust which renders the specimens foul and sticky.

This method is besides very useless, since the anatomi-

cal pieces are never so large as to corrupt before drying,

and the employment of the ley fulfils much better the re-

quired conditions.

328. To make a good preparation of the periosteum,

a well injected subject must be selected. After having

freed the bones of the muscles and ligaments which fix

them, leaving, nevertheless, a small end of the latter as

well as of the tendons, a sheet of periosteum is removed

with the aid of a very flat, but not cutting, spatula, such

as the ivory handle of a scalpel. It is then fixed upon

some support to be preserved.

Preparations of the yellow ligaments are made like

those of ordinary ligaments.

329. Preservation.—In most anatomical cabinets

the ligaments are preserved in a dry state, and rarely in

fluid ; the former method being least expensive, and the

preparations occupying less room, and being easier to

handle, while the fluid, commonly alcohol, and the jars

which are employed in the latter are very dear. This

procedure is not, however, to be recommended, for the

parts become so distorted that it is impossible to see

anything. However, as the custom exists it had better

be pointed out.

330. To preserve specimens in a dry state the follow-

ing method may be employed ; after having completed

the dissection, and the parts being as much as possible
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freed from grease, the preparation is plunged either in

a slight decoction of gall nuts, strengthened from day

to day, or in an aqueous solution of sulphate of alum and

common salt (H 1 1 6), and left in one or the other of these

liquids from six to eight days, and in the first, even more

than a month, since it does not attack the bones. These

fluids tan the ligaments and convert them into leather,

without hardening them much, and the preparation is

afterwards dried. The sulphate of alum has, besides,

the advantage of saponifying the grease which still re-

mains in the ligaments, and rendering them easy to dry.

Once dried the ligaments are saturated with an alcoholic

solution of corrosive sublimate, which prevents insects

from attacking them.

To these dry preparations, which lose their colour,

flexibility, and even form, those preserved in fluid are

much to be preferred. The periosteum, which does not

differ from the white ligaments, but by its disposition

and vascular texture, is preserved precisely in the same

manner ; it must not be injected, however, with a greasy

or resinous substance, if it is wished to preserve it in

alcohol.

331. The ligamentous system of Birds, Reptiles,

Chelonians, and Fishes, is dissected and preserved as in

the preceding class of animals.

The ligaments of the Articulata, Mollusca, and Ra-

diata, are prepared and preserved with the integumeut,

of which they are modified parts.
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CHAPTER YL

MUSCULAR SYSTEM.

SECT. l.—VERTEBRATA.—Mammalia.

332. Dissection.—Although the muscles are very dis-

tinctly composed of fibres, great difficulty is often expe-

rienced in following out the latter, from their being

always flabby, and easily ruptured after death, although

in a living state they are exceedingly strong. In certain

muscles also they are so blended together as scarcely to

be distinguished, and, in this case, may be submitted to

a preparation which renders their separate fasciculi more

apparent.

333. By macerating the muscles in alcohol their

fibres harden and become more distinct, but also more

adherent to each other, which renders the dissection

very difficult ; besides which the maceration must last

many weeks, which is too long a time when a dissection

is in hand. Another more convenient method, for-

merly proposed by Massa, and later still by Stenon, is

to boil the muscles, and soak them afterwards for some

minutes in fresh water, so that they may imbibe it. By
the action of the boiling water, the cellular tissue unit-

ing the muscular fasciculi disappears, and these be-
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coming free easily separate, while at the same time their

peculiar substance, fibrine, hardens, and is rendered more

apparent.

Such preparations may also be employed for study-

ing the form and disposition of the elementary muscular

fibres ; but simply as a guide to these inquiries, for, thus

modified, they are no longer fibres in their natural con-

dition. For this purpose, very delicate muscles must be

selected to be placed under the microscope, in order to

examine them in their entirety. In Man, the elevator

muscle of the eye-lid can be employed ; but it is better

to take from animals where much finer muscles are

found. Those of the belly of frogs are most frequently

used, which possess the advantage, for experiment, of

being very sensible to galvanic action, and admitting of

the contraction of the fibres being seen.

334. Vertebrated animals having their skeleton

within, and the muscles, with many other organs

placed externally, it is by proceeding from without in-

wards that these parts should be dissected, either for

taking drawings, or making anatomical preparations for

preserving.

335. For the former purpose, the body is usually

placed in such a position as to present that surface upper-

most or in front, from which it is wished the organs to be

displayed, and most frequently upon one of the sides, a

profile permitting us to embrace at a single glance, the

greatest number of objects, when the body is naturally

flattened in a lateral direction, while it is to be placed

either upon the back or belly, when its form is vertically

depressed. As a general rule, it should be so placed as
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to present the least possible fore -shortening, for in that

position the parts do not admit of being clearly distin-

guished, and their dimensions and relations judged of

with accuracy. On this account anatomical draughts-

men should avoid as much as possible giving figures,

where there is much fore-shortening and three-quarter

views of objects, such conveying always a false idea

of things, though they may be excellent specimens

of drawing. It is for this reason that painters of na-

tural history make their designs geometric, and not per-

spective, like historical artists.

336. The animal being thus placed, so as to exhibit

from above the side from which it is wished to dissect

it, the integument is first raised carefully, and in strips

from the parts to be examined, so as not to cut into sub-

jacent structures.

Now, although the skin is commonly united to the

body, simply by cellular tissue, this is not however the

case in all animals, nor in every part. Where there

exist tegumentary muscles, as in the neck and face of

Man, or all around the neck and upon the flanks of

Mammiferous quadrupeds, the skin is very difficult to

detach from these muscles, and cannot, indeed, be re-

moved entire where the latter are inserted. Neverthe-

less, it must be raised with necessary precaution against

destroying these same muscles, so that their precise

points of adherence may be well distinguished.

337. As a general rule, in order not to cut or mangle

these organs, the edge of the scalpel must never be

turned directly to them, for, in that case, the instrument

penetrates easily ; the blade, must, on the contrary, be
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always held in such a manner, that in dissecting, the

edge may be directed somewhat obliquely towards the

muscle, except in detaching fragments, which are to be

afterwards removed. In thus raising the skin, which

is, besides, more resisting than the muscles, care must be

taken to hold the edge of the scalpel slightly turned

towards it, and to cut parallel to the fibres of the mus-

cles under preparation. In this case, when some strokes

of the knife are inadvertently given in the muscle, it is

less cut, being merely divided a little more in the direc-

tion of its fibres. It is very important to follow out this

precept in every kind of dissection ; for to such a plan

of proceeding is due in a great measure the good suc-

cess of the operation.

338. The tegumentary muscles are firmly applied to

the skin in their terminal portions, at the same time be-

coming very thin, so that it is often impossible to pur-

sue them to their termination, and is more convenient

to trace them only to the middle of their course ; they

are then cut across, and their terminal portions raised

with the skin, against which they rest, closely applied,

and by the contrast of their red colour upon its white

ground, are very clearly displayed, while the other por-

tion remaining attached to the body, may be followed

out like the ordinary muscles.

339. Whatever preparation is being made, it is

never advisable to suffer our movements to be hurried,

or to make the least incision with the scalpel, without

having well calculated the effect it will produce—for an

organ once cut, cannot possibly be restored ; and hence

in anatomy, more than in all other kinds of research.
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the precept of " Festina lente" is our best and surest

guide. A dissection slowly made with care and method

is very preferable to many successive preparations negli-

gently conducted, which always leave doubts as to the

same objects, though seen a dozen times over ; and

upon reverting to which there remains, if any, but a

very small number of certain facts to which our atten-

tion can be easily directed.

340. When a muscle has been well studied, and it

is wished to raise it, it is cut cleanly across the middle

in a transverse direction, so that the two ends may be

readily brought together, if it is wanted to replace them

so as to see again their points of attachment. After

having thus separated them, the two ends are to be

traced if possible to their insertions, so as to become

acquainted with their entire course ; but they are not to

be cut through completely when there is no necessity,

that is, not until the other muscles immediately sur-

rounding them have been studied, for to recognize the

disposition of the latter, that of the first examined

muscles must often necessarily be known.

341. When many adjoining muscles closely resem-

ble each other, as those of the fore-arm in Man, it is

important not to cut them all across upon the same

level, but at different heights, so that there may be no

mistakes made, when it wished to replace each of their

ends.

Many of the muscles, and especially those of the ex-

tremities of Vertebrated animals, are contained in apo-

neurotic sheaths, in which they glide more easily. These

sheaths, in every respect similar to aponeuroses of in-
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sertion both in use and structure, and giving often at-

tachment also to a portion of the fibres of the muscles

they enclose, are formed in many cases of fibres variously

disposed, M^hich constitute different lamellse, sometimes

adherent to each other, and often separated, in some

parts to be joined to dififerent muscles, or form parti-

tions which penetrate between these organs.

342. After having well examined the direction of

these difi^erent kinds of fibres, and recognized their rela-

tions of superposition, as well as their attachments, a

layer is to be divided along the middle of the subjacent

muscle, and the two halves being turned down, it is to

be observed whether they are continued freely upon the

other muscles, or if they form partitions, which must^^be

traced to their attachments. For the sake of regularity,

it is good to make the first incision near one of the at-

tachments of the aponeurosis, in the direction length-

ways of some bone, so as to have a very clear point of

departure ; and continuing afterwards to trace the la-

mella from one partition to another, as far as its other

attachment along the bone, to disclose thus all the par-

titions which it forms, so as to take up afterwards each

in particular.

343. It often happens, that these aponeurotic ex-

pansions become so adherent to certain muscles over

which they pass, that it is impossible to separate them,

and in many cases are so weak, that the attempt would

be followed by their destruction ; but they are still

recognized by the resistance which their fibres oppose

to the scalpel in scraping the surface of the muscle with

the point of that instrument. Lastly, some aponeu-
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roses, becoming thinner and thinner, degenerate into

cellular tissue.

344. Many aponeuroses, either from representing

membraniform tendons, or serving as a sheath or loop

to muscles, are found in close contact, and confounded

with them, thus forming often very thick membranes ;

but, in carefully studying their structure, the distinc-

tion between the elements of these fibrous expansions,

and those of the muscles to which they belong, will

always be recognized by the direction and superposi-

tion of their fibres. An example of the above is fur-

nished in the vertebral groove of Man, and the other

Mammalia. What has been just stated requires special

attention ; for in considering, as is generally done, the

large aponeuroses simply as fibrous membranes forming

single organs by themselves, no account can even be taken

of their composition, which seems as if made by chance,

whilst, when regarded as the juxta-position of several

lamellae, which in many points are found separated, the

one set belonging to different muscles, and the other

forming sheaths or bands, it will be readily understood

why the fibres are observed to run in different direc-

tions.

345. The muscles forming in the Vertebrata the

most considerable mass of the body, and being the most

numerous organs, the study of this part of anatomy is

the longest, and in certain regions, as the back, also the

most difficult; but it is important that these organs

should be well known, since they form the principal re-

ceptacle upon which others are placed.

'

346. The course to be pursued when there is only a
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single individual upon which to study all the muscles,

is very different from that employed when there are as

many subjects as may be wished at our disposal. For

zootomy the first is the most frequent case, except when

a very common animal is used.

347. When, then, only one subject can be had, it is

perfectly necessary to preserve it in some fluid which

prevents putrefaction; for this in the long run will

always take place, as, during work, the body must be

kept out of fluid, and hence all necessary precautions

should be taken, that putrefaction does not proceed too

fast.

348. It has been already said before (^ 220), that

only as much integument should be raised as is neces-

sary to expose the part under dissection ; but this be-

comes much more important, when the question is, how
the same subject maybe kept the longest possible time.''

When the body is very large, and there is reason to fear

that the preserving fluids would not penetrate with suf-

ficient ease into its interior, especially into the intestines,

where putrefaction usually commences, a small opening

must be made in the ventral parietes (U 221), and in the

chest, so that the antiseptic fluid may penetrate them,

or else the whole mass of the viscera, and, above all, the

intestines, must be removed. This last operation is the

one most frequently had recourse to ; but in performing

it the membranes, fat, and all the other organs gene-

rally which do not easily corrupt, must be left as much
as possible in their place, and only the intestinal canal

removed ; the muscles always preserving much better

when covered by some other part, although that may
p
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be but a simple and slightly adherent membrane. As it

is scarcely possible to study the abdominal muscles until

the anterior extremities have been detached, care must

be taken not to remove the skin from the flanks ; if,

however, the tegumentary muscles are to be seen, their

study must be first commenced, and they should be left

in their places to preserve better those which are sub-

jacent.

349. The muscles of the shoulder are in a great

measure so implicated with those of the neck, and the lat-

ter again with those of the head, that it is necessary to

begin with the last ; and the more so, since the superficial,

such as the cervico-facial and some others, are very thin

and difficult to prepare upon an animal which is not fresh.

350. Our study, then, will commence in the Mam-
malia, with the muscles placed superficially upon one side

of the head, as the cervico-facial, frontal, and occipital

;

the superficial muscles of the ear which are not well cir-

cumscribed, those of the eye and of the nose the least

distinct of any ; the superficial ones of the lips, as the

zygomatic, the canine, the elevators and depressors of the

lips, as well as the orbicularis, which last had, however,

better not be destroyed at once, so that, later on when

the buccinator is reached, it may be seen how it blends

with that muscle.

351. After these, which well demand a first day's

work, the subject should be put back into the fluid, and

the preparation will next continue with the somewhat

deeper muscles of the head, those of the external ear,

the masseter, the superficial muscles attached to the os

hyoides, and lastly the digastricus.
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352. All these organs being removed, and the jaw

entirely exposed, that part of the temporal is first studied

which is inserted into the zygomatic arch, as well as

the corono-malar ligament, so that this arch may be

afterwards removed by cutting it through in front of

the glenoid cavity, and the malar bone through its mid-

dle. The temporal fossa being thereby exposed, the

different heads of the temporal muscle may be examined

with care. This muscle being removed, the jaw is disar-

ticulated, and raised with caution so as not to destroy the

pterygoid muscles, as well as the hyoglossi, genioglossi,

styloglossi, and genio-pharyngei, which will be thereby

disclosed. No muscle should be removed, except it is

in the way, but should be simply turned back, when
possible, to disclose those placed beneath ; the stylo-

glossus should be cut near to its attachment to the ce-

phalic comu of the os hyoides, and likewise folded back,

to serve as a guide when, later on, the muscles of the

tongue are reached.

353. In turning back these muscles, those of the

pharynx will be disclosed, the buccinator, the lateral

muscles of the velum palati, as also those of the hyoides

and larynx, which last had better be left in place so

as to be removed en masse with the tongue, by cutting

through the cephalic cornua of the hyoid bone at their

insertion into the head, and through the trachea with

the oesophagus, and the sterno-hyoid and sterno-thyroid

muscles together at a certain distance above the larynx,

leaving the lower part of this in situ between the muscles

of the neck.

354. The constrictor muscles of the pharynx cannot

p 2



212 MUSCULAR SYSTEM MAMMALIA.

be SO well seen in this way, especially upon their pos-

terior surface, as by disarticulating the head, though a

sufficient view may be got of them to determine the dis-

position of these organs, whilst, in removing the head, all

the muscles which pass from the neck to it would have

to be examined first, and all those which are met with

upon the opposite side, which it is important to preserve

for a second dissection, sacrificed.

355. After having removed all the muscles of the

pharynx and hyoid bone which are attached to the head,

the cephalic cornu of the hyoid bone must be cut

through, to expose the muscles of the velum palati ; in

removing those upon the side, and especially the circum-

flexus, great care must be taken not to cut through the

muscle of the malleus.

Having examined the lateral muscles of the velum,

as well as the pharyngeal and maxillary portions of the

buccinator, the two layers of the mucous membrane

which forms the velum are to be separated, so as to see

the muscles which penetrate betwixt them. Next, all

the lateral part of the mucous membrane of the mouth

and pharynx is to be raised to see the interior of these

two cavities, the opposite parietes of which make us ac-

quainted with the arches of the velum, and the relations

of all the lateral parts between it and the larynx. By
this last operation, all that concerns the muscles of the

head, excepting those which move it upon its occipital

articulation, will be finished.

356. After having removed the tongue, with the ex-

tremities of its external muscles still attached, it is to

be dissected separately to see its internal muscles ; but
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as these are formed merely of very fine fasciculi, which

interlace, and at the same time are very adherent to

each other, it is very difficult to study them in the fresh

state, although with some care their disposition may be

recognised, and it is better therefore to submit this organ

previously to some preparation, which renders its fibres

more distinct ; this consisting, as has been alluded to

before (^ 333), in boiling the tongue for half an hour in

water to dissolve the cellular tissue, and harden the

muscular fibres.

357. By stripping off the skin afterwards in those

Mammalia with a compressed thorax from the anterior

region of the trunk, comprehended in a triangular space

between the head, the middle of the back, and the scapu-

lo-humeral articulation, all the muscles placed upon the

neck and superficial part of the shoulder will be dis-

closed, and are to be studied in layers throughout the

whole of this space, that is successively, the clavo-

cucularis, the sterno-mastoid and cleido- mastoid in

their cephalic portions ; the dorso-cucularis, acromio-

cucularis, rhomboideus, occipito-scapularis, and trans-

verso-scapularis, in their posterior part ; all the pectoral

muscles relatively to their attachments with the trunk,

and lastly, the dermo-humeral and latissimus-dorsi,

which must be simply cut transversely through the mid-

dle of their length. Lastly, the serratus magnus is cut

transversely by raising the shoulder blade, and studied

then in its scapular portion. The whole anterior mem-
ber being thus detached, it is placed in fluid to be reverted

to, after having studied all the muscles of the trunk.

358. That portion of the serratus magnus which re-
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mains fixed to the trunk should be exposed, and may
be studied in situ (but it must not be raised, or even

detached, so that the muscles beneath it may be kept

fresh), as well as the relations of others which are at-

tached to the transverse processes of the cervical verte-

brae, the serratus magnus forming the separation be-

tween the scaleni and trachelo-mastoid muscles.

359. The anterior extremity being removed, the sca-

leni muscles, isoceli, external sterno- costal, small anterior

serratus, and a great part of the splenius, the trachelo-

mastoid and external-oblique muscles of the abdomen

will be exposed. This last is forthwith to be studied,

especially in its attachments to the thorax, to see how
its indigitations interlace with those of the serratus

magnus, but it must not be raised except to see the in-

ternal oblique. After the external oblique the two

small serrati are to be prepared, and next to them the

internal oblique, but this last must be left likewise in

its place with the external, until the transversalis can

be got at, which lies beneath, so as to examine well the

abdominal aponeurosis, formed by the juxta-position of

their lower tendons. After the small serrati and inter-

nal oblique of the abdomen, the transversalis and ab-

dominal aponeurosis, as well as that of the crural arch

and inguinal canal, can be examined, but the muscles of

the thigh often prevent us from following out the latter,

and it is better to wait till part of them have been re-

moved. If, however, this inconvenience does not occur,

it is better to proceed at once with the dissection of all

the abdominal muscles, the recti being of course in-

cluded.
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360. After these, the external intercostals will be

exposed for study, but not for removal, and the prepa-

ration of the superficial muscles of the neck, as the

splenius, intersectus, complexus, and trachelo-mastoid

deus, taken in succession, but only as regards their

cephalic part, without removing them at their vertebral

attachments, so as to preserve their relations with the

muscles of the spine.

361. Under the small serrati is found the third layer

of the superficial spinal aponeurosis, those of the latis-

simus dorsi and small serrati forming the first two. This

expansion being slit along its anterior part exposes the

muscles of the spine, and allows us, by separating the

latter, to follow to their posterior attachments the

splenii, intersect!, complexi, and trachelo-mastoidei

muscles.

362. Before engaging with the dissection of the

muscles of the vertebral groove, the scaleni and isoceli

must be examined without disarranging at all the ante-

rior muscles of the neck, passing next to the spinal mus-

cles, commencing with the epicostales, the costo-lum-

bares, and lumbo-spinales (sacro-lumbares of authors),

then in succession to the muscles composing the longis-

simus dorsi in Man, in other words, the costo-spinales,

transversales obliqui as far as the pelvis, the superior

lumbo-transversales, and the lateral lumbo-transversales,

the deep spinal aponeurosis, the obliqui spinales as far

as the pelvis, the inter-obliqui, the spinales of the back,

the inter- spinales, and the ligaments of the same name ;

but these last should be left in place to preserve the in-

dication of the middle line of the back, so that their
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disposition may be better recognized, after having re-

moved also all the spinal muscles of the opposite side.

363. All the muscles of the vertebral groove being

removed, the preparation of the internal intercostal and

surcostal muscles is proceeded with ; then the thorax is

opened by separating the ribs from their cartilages upon

one side, or better still, if it is not wished to preserve

the skeleton, by cutting the ribs through their middle,

as far as the last true rib ; and the sternum is simply

folded back with its costal cartilages towards the oppo-

site side, so as to see from within the internal sterno-

costal (triangularis sterni) ; lastly, the opposite ribs are

cut across also, then the internal stemo-costal, between

the two last attachments of the true ribs, leaving the

last of these and the false ribs in place, to serve as a

frame of suspension to the diaphragm, which will be

thereby seen very well from its two surfaces.

364. If, however, it is wished to preserve in its en-

tirety the whole opposite side of the animal, to serve

the purpose of a second dissection, the ribs of the side

to be operated upon are alone cut across, to see the

internal sterno- costal muscle ; and then, after having

examined successively the ligaments of all the ribs, com-

mencing with the first, the bones are disarticulated to

open the thorax entirely. The diaphragm can here also

be very well studied.

365. All these preparations having been made, the

cervical muscles, in other words, the motor muscles of

the head, and those of the vertebrae of the neck, as also

the ligaments of the same parts, which have not been

yet examined, are to be taken up; and the inferior
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longus colli, which penetrates into the thorax, may be

studied with great facility.

366. After having removed the diaphragm and the

ribs which have been left in place, all the sub-vertebral

lumbar muscles will be exposed, the two psoades, and

the long sub-intertransversales of the loins, with their

corresponding vertebral ligaments.

367. All this being done, the muscles of the poste-

rior extremities, which remain covered with their inte-

gument up to the anterior border of the pelvis, will

alone occupy our attention. Particular notice must be

taken of the sacral aponeurosis, and the crural, which

is a continuation of it, to endeavour to distinguish well

the different lamellse of the first, so as to see how they

are continuous with those of the superficial spinal apo-

neurosis of the loins ; and among others, to form a clear

and just idea of the attachments which they furnish to

the different crural muscles. The posterior limb is then

proceeded with by layers, the first formed only by the

sartorius, fascialis, and biceps muscles, which terminate

by aponeuroses fixed to the leg; and the last, which

prolongs itself often by its aponeurosis as far as the

heel, should be traced thither, studying at the same time

the superficial aponeurosis of the leg, in which these

three muscles are partly lost.

368. All the muscles placed upon the pelvis and the

thigh being well studied, are to be cut, either across

their middle, or through their tendons, which is still

more convenient, and the thigh removed by disarticu-

lating it from the acetabulum. The muscles coming

from the sacrum and the tail are cut as far as possible
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from their origin, so as to serve as guides for the muscles

of these two regions, the preparation of which may be

now proceeded with, resuming, however, in succession

the continuation of the muscles of the lumbar region,

which has been interrupted in front of the pelvis.

369. In order not to get the numerous muscles of

the tail into confusion, the greatest order must be ob-

served ; commencing by a superior lateral series (very

distinct), such as the transversales obliqui, and continu-

ing afterwards by parallel and successive series. These

series of muscles, being nearly all enclosed in special

fibrous sheaths, the latter must be opened successively.

When the muscles, contained in one of these sheaths,

have been studied in their minutest details, they are

to be removed entirely, so as not to be confounded

with others, and then another sheath placed at its

side is opened singly, and thus in due order to the

inferior median line, taking up afterwards those mus-

cles placed in the most internal part of the superior

region.

The caudal muscles, varying often in the same series,

most frequently losing successively from before back-

wards their longest heads, must, to be well understood,

be all passed over in review and in succession, with the

greatest order, taking them up one after the other, from

before backwards.

370. After having seen all the muscles of the trunk,

those of the extremities may next be passed to, or those

of the trunk on the opposite side, which will constitute

a second dissection, which it is essential to make as

soon as possible to verify what remains doubtful, while
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all is still fresh in the memory. This dissection is pro-

ceeded with precisely as the first.

371. The muscles of the limbs are to be taken suc-

cessively in layers, and from the same surface as far as

the bones, and then the others upon the opposite side.

But particular attention must be directed to the aponeu-

roses which form partitions between the muscles, and

not only separate them, but furnish numerous points of

attachment which are necessary to be known. These

muscles must, consequently, be studied in a regular

order, and no new sheath be opened until the muscles

have been either turned back or removed from that

which has been opened before.

372. Preservation.—Preparations of the muscles

are preserved in a dry state, or in fluid. The first me-

thod is the least expensive, but these organs in drying

harden to such a degree, as completely to lose their

form, while at the same time the preparations become

very unsightly, spread a very foul odour, are difficult

to make, and can serve but little for demonstration.

The muscles had better, therefore, be preserved in fluid,

but it is as well to point out the methods employed for

making these dry preparations.

A subject is selected, which has not died from a

lingering disease, by which the muscles have diminished

sensibly ^in volume, and lost their firmness. Such a

subject, of a robust height, and as is said, well muscled,

ought to be rather lean than fat, and a little beyond

adult age. If it is wished to preserve only the muscles,

the bones and the ligaments, the subject is merely in-

jected with a saturated aqueous solution of alum, or
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acetate of alum, or of corrosive sublimate, which is

forced for this purpose into all the vessels, from the

hands, the feet, and the neck, by the process pointed out

in the chapter upon the organs of circulation. This

injection being made, the body is left at rest some days,

to allow the salt employed time to insinuate itself into

all the small vessels, when the dissection is proceeded

with. The preparation being so far done, the muscles

are to be separated slightly one from the other, by

placing between them different bodies which will keep

them best in position, as cards, bits of wood or cork,

tow, &c. ; but care must be taken to grease these bodies

previously, so that they may not stick to the muscles.

Whatever arrangement is intended, is given to the latter,

and the specimen left to dry in the air.

373. Although the preserving fluids injected resist

putrefaction very well, it is more convenient to make

these preparations during the cold season, or, at least,

not in the middle of summer. But by this process the

grease is not altered—it becomes oily, rancid, and stink-

ing, and soils very much the preparations. It is, there-

fore, better to remove as much as possible of it, by

impregnating the parts with some strong ley, which,

combining with the grease, converts it into soap, and

renders it capable of drying ; still it is a matter of great

difficulty to dry these preparations entirely. -

374. Another inconvenience when the corrosive sub-

limate is employed, is that this salt powerfully attacks

our iron and steel instruments, while, at the same time,

it is a very dangerous substance to meddle with, and it

is infinitely better to make use of the sulphate of alum.
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which has been employed for a long time to preserve

muscles with ; and in fact, when these organs have re-

mained for some time in this fluid, they can be dried

and perfectly preserved. This fluid having besides the

advantage of saponifying the grease, and leaving its

colour white, the preparations made with it are not so

soiled, but are like all others, dry, brown, and homy.

Once dried, they are washed with a solution of corrosive

sublimate, to preserve them from insects.

The best methods of preserving the muscles of Mam-
malia, is to keep them either in a solution of sulphate

of zinc, pointed out in the first part of this work, or dry,

with camphor in an hermetically sealed jar, which pre-

vents the production of mould, so long as it remains

unabsorbed.

AvES.

375. Dissection and Preservation.—The muscles

of Birds are prepared by the same methods as those of

Mammalia ; only the animal must be first shaved, by cut-

ting off all its feathers nearly upon a level with the skin,

excepting the large feathers of the wings, and those of

the tail, which are to be cut off shorter.

The skin is to be removed in small portions, and

with the greatest care, to see how the fasciculi of the

panniculus-carnosus are fixed into the feathers, and de-

termine the manner in which all these little muscular

bundles are re-united to form the different sub-cutaneous

muscles of the body. Where, however, the skin can be

left in its place it should be carefully preserved, to pre-
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vent the too rapid alteration of the muscles placed

beneath.

As to the means of preserving the preparations, they

are absolutely the same as for the Mammalia.

Reptilia.

376. Dissection and Preservation.—The muscles

of the Saurians and Ophidians are prepared in the same

manner as those of the Mammalia. As many of these

organs are attached to scales, care must be taken not to

injure them; and with this view, the skin must be in-

cised along the back, and the edges turned down upon

the sides, lifting them up one after the other with care.

When a muscle is discovered, which passes from the

bones to the scales, it is cut neatly across at a little

distance from the latter, but in such a manner, that the

two ends should be as little as possible detached from

the part to which they remain fixed, so as to be found in

place when they are examined. The other muscles are

prepared in the ordinary way.

377. Nothing is easier than to make preparations of

the muscles in the Anoura, where the integument is en-

tirely detached from the body, and has no hold except

around the mouth, eyes, anus, and by some tegumen-

tary muscles, the body being as it were thus natu-

rally flayed beneath the skin. To remove the skin, a

small incision has only to be made in the back, the open-

ing enlarged, and all the integument removed without

at all disarranging the muscles ; under the chest and in

the axillse are found the tegumentary muscles, which

will be cut into with due precaution.
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Preparations of the muscles of Reptiles are pre-

served like those of Mammalia.

Chelonia.

378. Dissection and Preservation.—To make

preparations of the muscles of the trunk in the Chelonia,

the best plan would be to open the carapax from the

side, and in the middle of its length, by making at first

two transverse and parallel cuts with a saw, intercepting

an equal space about the sixth of its entire length and

in the middle of the interval of the two apertures.

These strokes of the saw are to be prolonged from the

plastron to a little above the middle of the carapax, and

the intersected piece removed, but care must be taken

not to penetrate with the instrument too far into the

cavity of the body. Through this aperture, effected in

a space comprised between the serratus magnus and the

abdominal muscles, and where there are no muscles, the

finger may be introduced to explore the parts, and as-

certain to what extent it will be possible to enlarge the

aperture without injuring them. This enlargement is

made by means of the osteotome (^ 70) ; the blade of a

scalpel is introduced, to detach all around the muscles

which are fixed to the ribs, and the latter are removed by

degrees, as the muscles have been detached. In pro-

ceeding thus, step by step, the lateral half of the cara-

pax will be detached and removed, by which an internal

profile is obtained, and the actual dissection proceeded

with afterwards by the ordinary methods.

379. The half of the plastron may also be removed
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at .first from the side of the animal, by sawing that longi-

tudinally in its straightest part, between the two anterior

and posterior apertures, but nearest to the plastron. A
second stroke of the saw may be made longitudinally in

the median line of the plastron, which will thus admit

of the detached half being lifted up. The integument

may afterwards be cut from the anterior and posterior

border of this half of the sternum, close to the bone,

and gliding the blade of the scalpel flat upon the plas-

tron the adjoining attachments of muscles will be di-

vided. Lifting up afterwards the plastron from the side,

the lateral edge of the instrument is glided under it in

the same manner, to detach the muscles fixed to the

plastron, towards the middle of the body; in other

words, the pectorals attached in the anterior half of the

plastron towards its internal surface. The attachments

of these muscles are limited in T'estudo Europcea, to the

arc of a circle, the centre of which is at the anterior ex-

tremity of the lateral line of the saw, and the curve of

which passes near the median line of the plastron ; from

the anterior extremity of the latter, the acromion and

deltoid muscle will be detached with ease, and the apo-

neurotic attachments of the transverse abdominal mus-

cle will be cut towards the sides, in the middle of the

plastron. In the posterior half, the rectus muscle of

the abdomen will be detached, which is fixed nearly

along the median line, and the half of the plastron then

removed. The rest of the proceedings are the same as

for Reptiles and Mammalia.

380. The corresponding half of the carapax can after-

wards be easily removed, by sawing it longitudinally at
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a small distance from the median line, so as not to da-

mage the muscles which are attached there, or else the

other half of the plastron, if it is wished to open the

animal entirely from below.

Preparations are preserved like those of the other

Vertebrata.

Pisces.

381. Dissection and Preservation.—The body of

Fishes being generally compressed, it is most convenient

to dissect their muscles from the side, so as to avoid

having them foreshortened. For that purpose the inte-

gument is removed in strips, taking care not to cut into

the muscles, so that their tendinous partitions may
remain very distinct. Upon the animal thus flayed

the latter present themselves under the form of numer-

ous raphes, giving insertion to muscular fibres, all of

them longitudinal. To recognize the disposition of all

these muscles, confounded together, transverse sections

of the whole body may be made at different points,

wherever it is judged most suitable, but chiefly at a

small distance behind the pectorals, at about the middle

of the visceral cavity, and towards the base of the tail,

as perpendicularly as possible to its axis, so that the

muscles of both sides may be cut upon the same level.

The rows of muscles being thus divided across, not only

is the space they occupy perceived, but also their rela-

lations either with the vertebrae, the apophyses of these

bones, or the ribs. It is also seen how the fibrous par-

titions are continuous one with the other, and how they

are fixed to the skeleton. All the muscles of one and
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the same series being nearly in the same condition, the

manner in which they are enveloped can be judged of,

and their arrangement better understood ; on the one

hand, the raphes indicate the direction of the muscles,

and, on the other, the modifications which each series

experience, are displayed in the different transverse sec-

tions made. By these same sections it is seen also, at

a first glance, to what depth each series of muscles

goes, and how their mass may be removed to expose one

or many other series. Lastly, the number of apophyses

or ribs, which have been cut from the vertebra to the

integument, shows how many vertebral or costal spaces

each simple muscle bounds from the point of insertion

of its aponeurosis of origin, as far as the integument,

where it terminates.

As to the isolated muscles of the trunk, it is better

to study them in each section which has been made, by

examining its surface. The muscles of the head, bran-

chiae, and pairs of fins, few in number and more or less

distinct, are prepared as in other Vertebrata.

As regards the preservation of preparations of the

muscles, the same means are employed as for those of

other Vertebrata.

SECT. Ih—ARTICULATA.—AnnelibA.

382. Dissection and Preservation.—To see the mus-

cles of the Annelida, the body should be opened along

the back, where there are the fewest of these organs

;

but as these animals contract when placed in any irri-
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tating fluid to kill them, which renders their body-

shapeless, it is advisable to drown them in slightly-

warm water ; they then lengthen out by creeping at the

bottom of the vessel, become exhausted, and soon die in

a state of extension. They are to be fixed for dissec-

tion with pins upon flat pieces of cork, and after having

been opened in the whole length of the back, the edges

of the slit are to be turned down upon either side. In

opening the body from the sides, the muscles of the

extremities will be all seen foreshortened.

These preparations are preserved in fluid.

Myriapoda.

383. Dissection and Preservation. — Although

the Myriapoda have a vermiform body, it is much more

convenient to open it from the side to see their muscles,

than from the back or belly ; for by the two last me-

thods a number of muscles v/hich pass from below up-

wards are cut across, while from the side none are

injured ; in other words, the body must be opened by

incising it along the middle, as will be pointed out in

the directions upon the subject in Insects (H 385). By
this plan, an internal profile, viewed from the median

plane, is obtained, and though the body of these animals

is often slightly depressed, the lateral half does not pre-

sent so deep a cavity but that all the organs can be

easily seen.

384. The segments being ordinarily very moveable

upon each other, the muscles would be readily torn, if

the body were cut in two throughout its entire length

q2
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without great precaution, and the more because the

segments when divided become still more moveable, so

that it would be almost impossible to make a tolerable

preparation for examining or studying any part, all

being more or less injured.

The only method to be employed to guard against

these inconveniences, is to use anatomical moulds, of

which a description has been given before (H 52). For

this purpose, a subject must be chosen which has not

remained too long in fluid, or the flesh of which, at

least, is not softened, but especially one that has not

been folded and unfolded, which necessarily tears the

muscles ; it is to be laid by its lateral half in very fine

plaster, and as the body is generally deprived of hairs,

which could otherwise lay hold on the plaster and

serve to maintain the segments in place, a little crooked

pin must be planted in the free part of each ring. The

body being held by one half in plaster, the free half is

cut away to the median line, by removing it in small

portions, and then proceeding for the rest as in Insects.

The head being depressed, the muscles are shown

foreshortened when it is opened from the side ; it must

be, therefore, dissected by ojDening it from above, or

below. For the preparations of the manducatory or-

gans, see the directions relating to the digestive appara-

tus of the Myriapoda.

The preparations are preserved in fluid.

Insecta.

385. Dissection and Preservation.—The muscles

of Insects being generally softer in the fresh state than
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those of the Vertebrata, and hence more difficult to dis-

tinguish and dissect, the body of these animals should

be macerated previously for some days in weak alcohol

(H 113), such as is used for preserving anatomical pre-

parations, so as' to slightly harden these organs, and

render them more easy to dissect. When, however,

these animals have remained a long time in this fluid,

the muscles harden, and detach so cleanly from their

insertions into the integument, that great difficulty is

experienced in cutting without displacing them. This

solution of continuity has of course the disadvantage of

not allowing us to assure ourselves of the points of at-

tachment of these organs, which are, however, often

recognizable by their impressions upon the integument,

and by proceeding with care individuals thus altered

may be used ; in this case the muscles will not re-

quire to be cut from their attachments, and as they are

fixed to circumjacent parts by the slight bands furnished

by the tracheae, they are maintained sufficiently well in

place, not too liable to disarrangement, and their rela-

tions can be as well studied as in fresh subjects ; if it is

wished to remove them in the latter, their tendons may

be cut with the microtome.

Most of the muscles of Insects being so disposed,

that they present less foreshortening when seen in pro-

file, than from above or below, their arrangement is

better learnt by preparing them from the sides, com-

mencing for that purpose with the layer forming the

median plane, or internal profile, where these organs

are ordinarily exhibited entire, which would not take

place if the sub-cutaneous layer was begun with. In

certain cases, however, this last process is employed in
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preference, for example, for the feet, which have not

symmetrical parts, or even for the head, which being

most frequently depressed, has its muscles and other

organs placed so as to be seen foreshortened from the

side. It is better, therefore, to dissect these last parts

by the superior aspect, but as a general rule, the body

must be opened from the side, where the organs are seen

least foreshortened.

386. For his principal preparations M. Straus-

Durckheim always employs the right half of the body,

so as to have the head of the animal to the left. This

is not rigorously necessary, but by studying things con-

stantly from the same side, the analogies which exist

between them are more easily recognized, and the mo-

difications of detail better appreciated. Although this

appears at the first a very minute and useless care, the

advantage of it will be soon seen by the difficulty which

is experienced in recognizing their identity, when an

animal is all at once examined in a reversed position.

Also as a facility to those who would wish to study the

objects from figures, they should always be placed in the

same position, and as much as possible in the same

order.

To make the preparation of the internal profile of an

insect, the body is cut into two parts with the slice

(f 73), care being taken to leave that of the right larger

than the left, so as not to injure the organs placed in

the median line.

This operation is easily done upon Insects whose in-

teguments are not very hard, but in regard to the Cole-

optera it must be effected with caution.

The half to be preserved is afterwards fixed upon a
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plate of cork, without planting the pins, if avoidable, in

the interior of the preparation, and then placed in a

basin of water. All that which belongs to the half of the

body to be sacrificed is removed first by bits, approach-

ing thus, little by little, the median line, the greatest

care being always taken not to move about too much the

half it is wished to preserve, lest it should disunite the

organs therein met with. On arriving near the median

plane, great attention must be paid not to cut into the

azygos objects found there. The specimen being thus

prepared for actual dissection, the water in which it is

immersed detaches all the fragments of the destroyed

organs, and these are removed carefully, either with the

forceps, with curved needles, or a brush; lastly, for

the smallest portions, by simply agitating the water by

blowing on it from above.

For the accomplishment of the actual dissection, pre-

cisely the same method of proceeding is employed as

for the Vertebrata, with this difference only, that from

the minuteness of the objects, very fine instruments

must, of course, be used, not only the smallest sized

scalpels, but more frequently curved needles (If 76) and

the microtome (H 72.) Proceeding thus by layers, the

last or most lateral is arrived at.

387. When the body of the animal is soft, or even

where its integument, although solid, is formed of

pieces very moveable one upon the other, and easily

displaced when the animal is slit in two, use should be

made of the anatomical moulds (1152) for sustaining

the parts.

The body being held in the plaster by the half it is
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wished to preserve, the plaster is first to be cut to give

it a plane or slightly convex surface above, surpassing

rather the median plane of the bod}?", which is after-

wards cut with the slice or the scissars upon a level with

the plaster, this serving as a guide while the animal

is being divided. Afterwards cutting the mould a

second time to the real level of the median plane of

the body, a level is obtained, which serves as a base

for taking a number of relative measures.

388. To prepare specimens for dissection by the

sub-cutaneous plane of the muscles, the integument

must be cut with the greatest care by gliding the slice

nearly flat from above, so as to remove just the thick-

ness of the latter, and the incision should be made in

the course of direction of the muscular fibres attached

to the integument. Care must also be taken not to saw

too much, so as to tear the sub-cutaneous muscles.

389. The different joints of the feet, those of the

antennae and palpi being generally very small, are very

difficult to be held to be opened with the slice. For

this purpose M. Straus-Durckheim presses the piece

along its length in a morsel of wax, where it is at once

retained by the projections of the mould, and the ad-

hesive nature of this substance. If this does not suffice,

he fixes it with a little gum upon a solid body, and at

other times, is content with simply supporting it between

the fingers.

390. Preparations of the muscles of Insects ought,

necessarily, to be preserved in fluid, and, as much as

possible, in a dark place, these organs speedily becom-

ing black when exposed to light and soon deteriorating.
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For the preparation of the masticatory organs, see

the directions relative to the digestive apparatus of My-
riapods and Insects.

Crustacea.

391. Dissection and Preservation.—To make
preparations of the muscles of the Crustacea, subjects

must be selected which are not too near their moulting

period, since these organs, as well as the new inte-

gument to which they are attached, and which is still

membranous, then separate with the slightest force from

the old ones about to be abandoned.

They are dissected, as in Insects, by the internal

profile, except where a particular case demands other-

wise ; but as the shell is most frequently very hard, so

that it would be impossible to cut it with the slice,

ordinary scissars must be employed for the small species,

and even the bone-nippers (If 70) for the large ; care

being especially taken not to establish the first cut very

near the median plane of the body, for fear of damaging

the organs found there, and particularly the gizzard,

which is set in motion by several muscles. It will be

even best entirely to sacrifice one-half of the body, to

avoid injuring the other. The longitudinal incision

being made, the specimen is to be fixed upon a plate of

cork, and the dissection, which ought to be always con-

ducted under water, proceeded with in the ordinary

methods.

392. Many small aquatic species, as the Daphnides

Argulus, &c., have the body so transparent, that their
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internal organs are sufficiently weU seen through their

integument, and the disposition of many of the muscles

can be thus studied upon the living creature, without

dissection. In this way the motor muscles of the eyes

in Daphnia, a genus of small Branchiopods, about a line

in length, may be perfectly well seen under the micro-

scope.

393. Preparations of the muscles of Crustacea should

be preserved in fluid ; but this should not be acid, for

fear of softening the parts of the shell to which muscles

are attached.

CiRRHIPEDA.

394. Dissection and Preservation.— To make
preparations of the muscles of these animals, and of

all their other organs, one of the valves must be first

removed ; the other is fixed upon a plate of cork by

means of hooks (^ 63), and the actual dissection pro-

ceeded with afterwards by the ordinary methods. The
two valves may also be removed at once, if it is wished

to illuminate the body from below.

Arachnida.

395. Dissection and Preservation.—The muscles

of the Arachnida being mostly vertically disposed, it is

especially necessary to dissect them by the internal pro-

file of the body (^386) ; but it becomes very difficult

to make the first longitudinal incision well, seeing that

not only the buckler, the external sternum, and the feet

are extremely moveable and easily displaced (which

causes numerous ruptures of the muscles), but the carti-
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laginous sternum being more solid than the other, pre-

vents this cut being easily made. Sometimes, however,

owing to the rarity of the subject, this must at least be

partly attempted, usually upon the side not preserved,

in order to verify particular facts.

When the desired number of subjects is possessed,

and there is no occasion for any make- shifts, the pre-

paration may be made upon one of the lateral halves of

the body, sacrificing the other entirely ; and then it is

commenced by fixing the subject by the side upon a

plate of cork, after having cut off, as near as possible to

the body, all the legs of the same side, leaving only

their very short stumps. This precaution is taken, lest

these extremities, acting as levers, should destroy the

internal muscles by their movements. The body being

fixed upon the plate, all the parts to be sacrificed are

cut into little pieces, commencing with the legs, and

going by degrees towards the centre, taking care not to

touch an inner cartilaginous plate or sternum, met with

in the Pulmonaria, to which the muscles are attached.

This being enthrely exposed, and making a projection

upon the half of the body which it is wished to preserve,

it is cut at a single stroke, longitudinally, along the

median line, either with the slice or the scissars, sup-

porting it with the forceps, and a perfectly neat section

of the body is thus obtained.

If, on the contrary, it is wished also to dissect to

some extent the side removed, the longitudinal cut is

made in two or four places. By the first cut the exter-

nal sternum is cleft, without thrusting the slice in fur-

ther ; this piece is ordinarily very thin ; by the second,
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the labrum is slit between the two mandibles and the

jaws ; by the third, the buckler ; and, lastly, by plung-

ing the blade of the slice more deeply in the last two

cuts, the cartilaginous sternum is cleft at a single cut,

and the trunk falls into two pieces. But in doing all

this much address is required.

396. It is principally in making preparations of the

muscles of the trunk in the Araneida, that use is made

of anatomical moulds (1152), the pieces of this part

disjoining easily, especially when cut in two,, and hence

the risk is run of destroying every thing, if there are no

means found of retaining them in place. For that pur-

pose, the right legs are cut to half their length, taking

care not to move them. The half of the body to be

preserved is afterwards clothed by a brush with plaster,

mixed very thin, so as to make it penetrate into all the

interstices, and especially between the hairs, if present

;

it is then deposited, on its side, in plaster of the con-

sistence of cream, and proceeded with for the rest, as is

pointed out in treating upon the muscles of the My-
riapoda(5I383).

These preparations are preserved like those of In-

sects.

SECT. 111.—MOLLUSCA.—Cevhalofoba.

397. Dissection and Preservation.—To see the mus-

cles of the interior of the sac of the Cephalopods, and

especially of the Octopus, Sepia, and Loligo, the sac

must be slit along its anterior surface, starting from the
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opening, but a little to the side of the median line, in

order not to injure the partition which divides the supe-

rior part of the sac, longitudinally into two lateral halves.

A second cut may afterwards be made upon the other

side of this partition, so as to open the two cavities. In

this way a narrow strip of the sac will be left between

the two incisions, to which the septum is fixed, and

which serves to retain it, when it is wished to see its

arrangement ; but care must be taken not to plunge the

scalpel too deep, so as not to open any of the visceral

cavities placed along the body and formed by very feeble

membranes, especially the uppermost one, situated at

the bottom of the sac, where the partition is very nar-

row, and the walls of the sac consequently very close

upon this cavity.

398. The sac being opened, the funnel is slit also

throughout its length, and after having examined the

orifice of the anus, a ligature is next placed upon it to

prevent the escape of the ink, which would blacken the

preparation. It is perhaps useless to mention, that care

must be taken not to compress the body of the animal

by handling it too forcibly, for fear this ink should be

made to trickle out, before a ligature has been put upon

its excretory canal. The purse containing the ink being

placed in the Octopus below the branchise, on the an-

terior surface of the body, and beneath a very feeble

integument, care must be taken not to open it inadver-

tently in dissecting other parts.

399. The lateral portions of the sac are turned back

upon a plate of cork, where they are fixed with pins,

and the principal muscles, as well as all the parts con-



238 MUSCULAR SYSTEM GASTEROPODA.

tained in the sac, are perfectly seen. As to the muscles

of the head and feet, they may be examined in different

aspects upon each.

The direction of the fibres being often very difficult

to recognize in individuals perfectly fresh, they should

be examined in those which have remained some time in

weak alcohol, where they are firmer and more apparent.

Gasteropoda.

400. Dissection and Preservation.—Preparations

of the muscles of the envelope of the Gasteropods are

limited in a great measure to dissections of its tissue,

and their study may be facilitated, by soaking the ani-

mals some days in weak alcohol. As to the preparation

of the special muscles, it is sufficient, in order to disclose

the muscular mass of the pharynx, to open the anterior

part of the body along the median line and turn back

the edges of the slit upon the sides, fixing them to a

cork plate with pins, and then the muscles which com-

pose it are detached in sufficient numbers by separating

them in layers, which is easy in spite of the smallness

of the objects.

As regards the other special muscles, such as those

which draw the head under the mantle, or into the in-

terior of the shell in the Pectinibranchiata, and the

Pulmonea, the whole external part of the shell must first

be removed bit by bit, excepting the apex of the spire to

which the muscles are not prolonged ; and the concealed

or columellar part which will serve as a support to the

spiral shell, merely left inferiorly. The body is after-
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wards opened from above, from the head to the anterior

border of the herniary sac, and the slit is continued

along the middle of the spiral turns of the latter to the

summit of the shell, traversing the respiratory cavity,

which occupies the anterior and superior half of the last

whorl of the spire.

The body being thus opened, the lips of the incision

are turned back, and cut upon a level with the borders

of the columella ; lifting up afterwards the viscera, and

better still removing them with precaution, the retractor

muscles of the body are found applied against the colu-

mella.

401 . To make preparations of the muscles of the Gas-

teropoda Pectinibranchiata and Pulmonea, and in general,

to prepare every other internal organ of these animals,

uncontracted individuals must, as much as possible, be

made use of, for in those which have drawn back into

themselves, and are hid within their shells, every thing

is found so reversed, that it is difficult to recognize the

normal position of the organs. As to the Gasteropoda

Pulmonea, it is easy enough to get them well extended,

since it is sufficient to make them perish from asphyxia,

by holding them some time submerged in slightly warm
water, that has been previously well boiled so as to free

it from the air it contains. They soon issue from their

shells to seek the respirable element, stretch themselves

out, and gradually enfeebled without experiencing that

irritation which causes them to contract, soon perish,

remaining extended, but they must not be placed after-

wards in a caustic or irritant fluid, for they would still

contract by the effect of their great irritability. M.
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Straus-Durckheira advises leaving them many hours in

the water in which they died, and to put them after-

wards in a very feeble preserving fluid, which is to be

by degrees rendered more concentrated. As to the

aquatic Gasteropods with a spiral shell, as the Pectini-

branchiata, the same method cannot be employed, and

he has never succeeded in making them stretch out.

AcEPHALA.

402. Dissection and Preservation.—To prepare

the muscles of the Acephala Ostracodermata, and in

general, all their other systems of organs, one of the two

valves must be cautiously raised, without injuring the

body. If the individual is still living, it so closes its

valves on the least touch, that it is impossible to at-

tempt anything upon it without forcing open the valves

by violence, and then they break if not very strong, and

either their pieces lacerate the body, or the instrument,

which is introduced to cut the closing muscles, destroys

every thing. In the dead animal, on the contrary,

where these muscles are relaxed, the ligament overcomes

them, separates the valves, if possible, and nothing then

is easier than to remove one without disarranging the

rest. When a living animal is to be operated upon, it is

put for some minutes in alcohol, or even in water, which

is slowly heated ; so soon as it arrives at a slightly ele-

vated temperature, the creature perishes, and this is

known by the separation of the valves. It is then taken

out at once, lest it should harden by the heat ; those

plunged even in weak spirits of wine, also perish very
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quickly. The valves now gaping open, the blade of a rather

blunt scalpel, or better still a scraper, is introduced;

every thing is first detached from around the border of

the mantle, which is not very broad : then the muscular

cushion is detached, by gliding the instrument flat

against the valve ; and, lastly, operating in the same

manner, 'the closing muscles are also cut very near to

their attachments. The valves then actually separate

of themselves, and there is nothing to do but detach the

central part of the mantle, which adheres very slightly,

but with precaution, so as not to tear it. All these opera^

tions being effected, the valve still holds on by the ele-

vator, pretractor, and retractor muscles of the body, which

must be detached cautiously, being placed quite at the

bottom, where there is a risk of the liver, the branchiae,

and especially the heart, being torn. Lastly, the liga-

ment is cut, and the valve in which the animal remains is

fixed upon a cork plate, by means of three or four braces

(H 62) planted round it. In examining the valve which

has been detached, the impressions of the muscles which

were inserted into it are often very well seen, and may
be used not only as a guide in our researches upon the

small muscles, but also for taking measurements, so as

to replace the muscles in case they have been dis-

arranged ; but these impressions are not perceived in

the shells of all species.

403. After having examined the mantle in all its

details it is cut near to its insertion, leaving, however,

a part of it, that it may be recognized later on, and

not confounded with any other membrane peculiar to

the body.
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The dissection is then proceeded with as in the other

MoUusca.

As to preservation, the animal may as well be left

attached to the shell in which it has been prepared ; but

the preparation must not be kept in an acid fluid, which

would destroy the shell.

404. To prepare the muscles of Ascidia, belonging

to the order Tunicata, the external sac must be opened

along the middle of one of its surfaces, lifting up the

integument, so as not to wound the body, properly so

called, placed in its interior. A slit must be made at

first in its whole length, and afterwards three or four

transverse ones crossing it, so that the strips thus

formed may be turned back, and by opening the sac thus

extensively the body is exposed. After having examined

the tissue of the external envelope in the different strips

removed, the arrangement of the superficial muscular

fibres of the body itself is to be studied ; and having

removed likewise this first layer of muscles from one

side only, the second is found beneath it, which is seen

better on the opposite side from the internal surface,

after having removed the mucous membrane and the

branchial laminae which cover the walla of the respira-

tory cavity, and deeper still, the intestinal canal lodged

in the right wall.

SECT. IV.—RADIATA.

405. Dissection and Pheservation.—To see the mus-

cles of Holothuria the body must be opened along its
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inferior surface, and the two edges of the slit laid back

by fixing the animal upon a plate of cork ; in this man-

ner the tegumentary muscles and those of the cloaca are

very well perceived.

406. The Echini ought, on the contrary, to be sawn

across at equal distances from the poles of their shell,

without pushing in the saw too far. If, at the same

time, it is wished to see the intestinal canal turning in a

spiral within the cavity, the viscera are to be removed,

and in the middle of the inferior piece is found the lan-

tern with the muscles and ligaments uniting the masti-

catory organs.

407. The body of the Asteriadae is opened by cutting

it entirely in a horizontal direction into two halves, so

as to have in a single piece all the superior part where

the longitudinal muscles are situated. But it can also

be opened by the method indicated in speaking of their

digestive apparatus.

By either method the vesicles of the small feet placed

on each side of the series of vertebrae are found. For

these feet see the chapter upon the circulatory system.
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CHAPTEE TIL

NUTRITIVE SYSTEM.

SECT. l.^VERTEBRATA.—Mammalia.

408. Dissection.—The digestive apparatus and its ap-

pendages being like most of the other viscera almost

entirely isolated, and very distinct from each other,

require but little preparation, as they are sufficiently

exposed by simply opening their containing cavity, to

enable us to examine their general conformation and

structure ; so that this part of the organization of ani-

mals (next to osteology) is the most easily studied and

the best known. From this peculiar disposition of the

principal viscera, there is little to say about the process

of dissecting them, and that little merely as to the gene-

ral methods.

409. The first part of the alimentary canal or buccal

cavity is still, however, rather a difficult study in the

Vertebrata, on account of the large number of different

organs situated there, such as bones, muscles, vessels,

glands, excretory ducts, nerves, and membranes.

For the bones, muscles, and vessels, reference must

be made to those systems of organs to which they

belong. The glands and their excretory ducts are to be

studied as will be indicated hereafter, in treating of the
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glandular organs. With regard to the nerves, particular

attention should be paid to them, so as to try to dis-

tinguish those which preside simply over the vitality and

motion of the buccal organs, from those which minister

to the sense of taste. The nerves must be followed with

the greatest care from their points of issue from the

cranium to their termination, especially those directed

towards the coats of the tongue, of the cheeks, of the

palate and of the anterior surface of the velum ; for it is

certain that the sense of taste resides in all these organs

collectively, though chiefly in the tongue, palate, and

velum ; the principal object should therefore be to dis-

cover which are the branches that terminate in the

papillae of the tongue.

410. Some difficulty will be experienced in distin-

guishing the various parts of the pharynx, which is still

more complicated on account of the great number of

muscles attached to it. To see it the head must be pre-

viously separated from the trunk, in the following man-

ner :—Cut first across the middle of the oesophagus and

trachea, as well as the muscles attached to them ; re-

move the upper part of the cervical muscles, and then

disarticulate the head, which will be thus separated with

the pharynx and the commencement of the oesophagus

attached to it. The arrangement of the superior con-

strictor muscles, as well as all the buccal muscles, the

hyoideans and laryngeals, may be then very well seeuv

411. As the pharynx and oeosophagus collapse,

having no support in themselves, it is convenient to

dilate them gently by filling them with some fibrous

substance, which may be introduced either by the mouth
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or by the oesophagus : hair is the best thing that can be

used, its elasticity enabling it to retain the walls in their

natural positions. The muscles and tunics of these two

parts may be dissected by removing them in layers.

The epithelium alone is rather difficult to be well seen,

it being but a very thin pellicle, but it becomes detached

by maceration, or by the action of boiling water.

412. To understand the relations of the terminal

portion of the alimentary canal, forming the intestines,

properly so called, they must be examined first in situ,

to be certain of their arrangement, their points of attach-

ment, and especially their mode of suspension by means

of the mesenteries ; the whole mass may be then re-

moved at once, in order to study the parts in detail, and

more conveniently ; but care must first be taken to place

a ligature above and below that part of the canal which

is to be cut through, to prevent the escape of foecal

matter.

413. If it is only desired to ascertain the form of the

canal, and the nature of the tunics of which it is com-

posed, it is useless to inject it previously ; but if it is

wished at the same time to see the arrangement of its

vessels, they must be injected by the process indicated

in the chapter on the circulatory system.

The mass of intestines thus extracted from the body

is to be placed on a table, and there, by pressing the

canal gently between the fingers, going gradually from

the oesophagus to the rectum, the contents are made to

flow in the same direction, so as to be let out there.

When the greater part is removed, tepid water must be

poured in by the oesophagus, and made to flow out at
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the other extremity, so as well to wash out the interior,

and this must be continued until the water is no longer

discoloured.

414. The canal being properly prepared in the inte-

rior, its walls are to be slightly distended by blowing into

it, so that its form and capacity may be better understood.

In this state it is easy to see the distribution of the ves-

sels when they have been injected, as also that of the

nerves.

In successively stripping off from various parts

the different coats of which they are formed, to study

their structure, great care must be taken not to pierce

the innermost layer, so as to let out the air ; but their

structure may be seen still better by spreading fragments

on plates of cork, and dissecting them under water.

415. To measure the absolute length of the intesti-

nal canal, the mesenteries, which strongly bind its parts

together, must be previously detached. The peritoneal

coat adheres but feebly, and may be easily removed by

tearing it off, but it is better to cut it away as near as

possible to the intestine, so that the latter may not be

elongated by dragging.

416. To see the general form of the intestinal canal

and its valves it must be distended with air, and allow-

ing it to dry in that state, its membrane, however large

an animal it belongs to, will be stiff enough to maintain

its form, and may be opened to study its interior, espe-

cially its pyloric and ccecal valves, the valvulse conni-

ventes, &c. By soaking fragments of this in clean

water they become soft, and are restored to their origi-

nal condition.
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To see a small portion in a fresh state, without the

whole of the coat collapsing, as for example, a valvula

connivens, a little piece of cotton which has been made

to imbibe a considerable quantity of water, must be

placed on the part ; the liquid softens this place, and

the surrounding parts remaining dry and stiff, preserve

the cylindrical form of the intestine, and serve as a sort

oiframe to the softened portion.

The preparation of compound stomachs is exactly like

that of simple ones.

417. The villous coat of the intestines should be ex-

amined in subjects carefully injected, in order to see the

distribution of the vessels under the microscope, where

it forms a very interesting object. It is to be observed

with a magnifying power of fifty diameters, which is

rather more than is absolutely necessary, but the focal

distance is still sufficient to allow the villosity to be ex-

amined under a film of water.

418. To study the different coats of which the ali-

mentary canal is composed, it must be macerated in tepid

water, which must be changed daily. To render the

fibres of the muscular coat more apparent, a distinct red-

dish tint may be given to them, by boiling in an aque-

ous solution of nitrate of potass.

419. The lacteals should be injected as indicated in

the chapter on the circulation.

As to the glands belonging to the digestive appara-

tus, they are prepared like those which secrete the ex-

crementitious matters.

420. Preservation.— The organs of the mouth,

forming part both of the skeleton and of the system of
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voluntary muscles, must be preserved in the same man-

ner as they are ; the glands always in fluid.

As to the digestive tube (including the oesophagus),

it may be either preserved in fluid, or distended with air

and dried.

421. Preparations in fluid should be attached to

slips of white wood (51137), on which they should be

fixed as much as possible by their own ligaments, by

means of pins, and in a natural position. If the object

is injected care must be taken not to employ any pre-

servative solution, which will affect either the material

of the injection, or its colouring matter. These effects

are spoken of elsewhere, in the chapter on the compo-

sition of injections, &c., to which the reader is referred

(Chap. 3, Sect. 1). The composition of the fluid, that

is, its degree of concentration, should be proportioned

to the size of the organs placed in it, so that this fluid may
not be too much diluted, and allow the decomposition

of the preparation contained in it. However, as all the

coats of the intestines are very thin, if they are put at

once into too astringent a liquid, the preparation con-

tracts, so as to loose its natural form ; it is better there-

fore to use the fluid in its ordinary wealc state, and to

renew it in a fortnight, or a month.

422. Dried preparations being subject to the attacks

of destructive insects, care must be taken to wash over

the interior with an aqueous solution of corrosive subli-

mate (U 121), or what is equally good, to moisten only

the outside by means of a brush with the alcoholic so-

lution of the same salt of mercury (H 122).
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AVES.

423. Dissection.—The anatomical processes to be

employed in preparing the alimentary canal of birds are

exactly the same as those indicated for the Mammalia.

It need only be remarked, that the sternal bone being

very large, and forming one of the walls of the cavity

containing the intestines, in order to expose the latter,

this bone must be removed, by separating the sternal

from the vertebral portions of the ribs. By this means

the abdomen is widely opened, and the whole mass of

the viscera found situated in a basin formed by the ribs

and the pelvic bones. Then, by placing the trunk on

its dorsal aspect, all the organs may be seen with the

greatest facility in their natural position.

424. Preservation.—The digestive apparatus is

preserved just in the same manner as directed for the

Mammalia.

Reptilia.

425. Dissection and Preservation.—The organs

of digestion in the Reptilia, especially those of the Sau-

rians, are treated much in the same way as those of

Mammalia and Birds.

426. To prepare the poison apparatus of Serpents,

the lateral integuments of the head must be carefully

removed in front of the eye. This exposes the temporal

and masseter muscles, containing in their interior the

poison vesicle ; then, by removing the superficial layer

of muscular fibres, the vesicle is easily found. The

arrangement of the various heads of these muscles must

be examined, to try to see how some of them are in-
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serted into the poison bag itself; these anterior muscles

are then to be removed, to allow the vesicle to be en-

tirely detached, especially its neck, which curves on

itself ^ downwards, in order to penetrate the superior

maxillary bone. The venomous fangs are found in a

large projection which the gum forms on each side, a

projection which is only a fold of the gum covering the

fangs and open behind, to give them free passage.

In turning back the anterior layer of the temporal

muscle, which has been completely divided, this muscle

is seen to form a sheath to the vesicle, and to adhere

to it.

When the sac is opened, it is easy to inject its

duct, the cavity of the jaw-bone, and even the fangs
;

but this must be done with great precaution, so as not

to be wounded by the fangs, the poison retaining its

deadly properties, even in cases where the animal has

been kept a long time in spirit.

The prick becomes especially dangerous when the

subject belongs to one of the large species, known by

the name of Crotalus (rattle-snake), or Trigonocephalus.

4:'21 . To see the alimentary canal of the Ophidians,

the body is merely to be opened along the ventral line,

where the absence of a sternum and sternal ribs leaves a

long membranous space which opposes no obstacle.

The ribs of the Batrachians are either very short or

wanting altogether, so that the abdomen may be opened

to see the intestinal canal, without disarranging anything

except the skin and abdominal muscles.

Preparations of the digestive tube of reptiles are pre-

served like those of the higher Vertebrata.
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Chelonia.

428. Dissection and Preservation.—Preparations

of the alimentary canal of the Chelonia are made much in

the same manner as those of Mammalia and Birds. It is

only necessary to observe, that as all the viscera are

closely shut up in a carapax, this cavity must be

opened with precaution, in the manner indicated in

treating upon the preparation of muscles ; that is, from

the side, or from below by removing the plastron, which

will be easily done in the Terrapena where the sternum

is moveable, or even in Trionix where the entire piece

is suspended almost freely in the soft parts ; but the

coracoid bones will then also have to be removed, with

the muscles which belong to them, these bones extend-

ing a considerable distance along the anterior portion of

the plastron. If, however, their preservation is of no

consequence, it is easier and more convenient to open

the body from below, by detaching the whole of the

plastron. The body being open, the oviducts must not

be confounded with the intestines, which they resemble

in form and size, simulating their large convolutions

which terminate in the cloaca.

Pisces.

429. Dissection and Preservation.— Preparations

of the digestive organs of Fishes are made Uke those of

the higher classes ; but the better to see the viscera in

situ in those species which have the body compressed,

(and these form the majority), the abdomen must be

opened from the side, by removing all the ribs. By
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this means they are not only better seen in their natural

situation, but may also be studied in detail without

taking them away altogether.

SECT. 11.—ARTICULATA.—Annelida.

430. To prepare the digestive apparatus of Anneli-

dans, the body must be opened in its whole length,

either by the back or the belly, according to the aspect

which it is wished to expose. For this purpose the ani-

mal must be first fixed at its two extremities to a plate

of cork by means of pins, then making a small incision

to pierce the integuments, as well as the subjacent mus-

cles, the point of a pair of scissars is to be introduced

into the visceral cavity, in order to cut open the whole

length of the body ; but it must be cut in short lengths,

and care taken at each cut, to see that no part is impli-

cated which it is desirable to preserve. The animals

being soft, the integument may be drawn a little aside

with fine forceps, so as to disengage the intestinal tube.

The body being completely opened, the two edges of the

incision are to be separated by turning back the inte-

gument, which must be fixed to the cork with pins. All

this ought to be done under water. By agitating the

parts gently, they will be seen to detach themselves

from each other, so that they may be perfectly distin-

guished.

431. If the body of the animal is white, a black

plate of cork (H 50) must be used, which allows the

parts to be more easily distinguished ; if, on the other
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hand, it is of a dark colour, for the same reason, a white

plate, or the uncovered cork is better.

Preparations of the digestive canal of the Annelida

must be preserved in spirit, as, in general, ought all the

soft parts of small animals.

Myriapoda.

432. Dissection.—To disarticulate the organs of

the mouth in the Myriapods, the body must be fixed,

with the belly downwards, on a plate of cork, leaving

the head free. In this position, if it is a Chilopod, the

anterior part of the head, formed by the epicranium, and

bearing below the labrum and mandibles, must be re-

moved in a single piece. For this purpose, it is suffi-

cient to make a circular incision through the soft inte-

gument which unites this part to the rest of the head,

with a fine scalpel, and then to tear it off^, destroying

the soft parts, whose preservation is not an object

;

or they may be cut with the scalpel or the microtome

(IT 72).

The posterior portion of the cranium must then be

disarticulated; this is formed of a segment, encircling

the head, and bearing on its under side the fangs used

in seizing the prey, which have been wrongly regarded

as representing the labium of the Insecta, whilst they are

the analogues of their maxillae. This second segment

detached, the soft parts must be removed by means of a

scalpel, curved needles, and forceps. Returning then to

the anterior portion of the head ; it must be fixed (the

epicranium downwards), and the labrum removed by



NUTRITIVE SYSTEM MYRIAPODA. 255

disarticulation, which is easy enough, it being only fixed

by the tegumentary ligaments, which are cut along

the upper covering of the head. As to the mandibles,

placed more deeply, there is a little more difficulty, these

organs being attached to the epicranium by moveable

articulation or condyle. This joint is easily found by

moving the mandible about ; and having once remarked

where it is, the hgaraents which retain it in its place

must be cut away all round, without opening with the

scalpel the place where the articulation is situated ; the

mandible only holding by the latter may be torn away

by means of a needle bent into a hook.

The different pieces which constitute the maxillae

and the labium, being only united by linear ligamentous

articulations, are easily separated, by cutting all round

these ligaments with the point of a scalpel.

433. Easy as these preparations are to make, Straus-

Durckheim advises macerating the head some time in

water till the flesh is decomposed, but not the ligaments.

434. If it is desired to prepare the muscles of the

masticatory organs and pharynx, the head must be

opened above ; for this, the body must be fixed with

the belly downwards, placing a short pin in the most

anterior part of the head, a good deal inclined, so that it

may not be in the way during the dissection.

The head being well fixed, a thin layer must be taken

ofif the epicranium very obliquely with the slice, cutting

straight forwards, and sawing as little as possible. The

cut must be made very obliquely, so as not to injure the

organs situated under the integument, or cut into them.

When the head is once opened, the aperture may be
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enlarged by cutting some strips by degrees from its

edges, until the whole of the upper side of the head is

laid bare. The object being then placed under water all

the debris of the organs that have been cut away must

be removed in small pieces, taking care not to disarrange

any of the parts which are in situ until they have been

studied,

435. To remove a muscle, or any organ, it should first

be completely isolated, by separating it with a curved

needle from those surrounding it, so that in taking it away,

none of these may be torn off with it ; then the muscle

should be cut from its two attachments, the tendon with

the microtome, and the fibres of the other attachment

with a scalpel, a curved needle, or also with the micro-

tome ; it may even be as well to tear away the muscle

when its tendon has been cut through ; proceeding thus

by layers, care must be taken to remove all fragments of

organs just detached, before beginning the dissection of

a fresh one, as these remains generally so confuse a pre-

paration, that the dissection is put a stop to by the im-

possibility of distinguishing the parts. In these dissec-

tions also, much movement of the mandibles, the maxillae,

and lips, must be carefully avoided, as it stretches the

muscles attached to them, and may tear them.

436. The alimentary canal may be gently blown up

by the anus, so as to fill it out without dilating it too

much, in order to see the form it takes ; this may be

done without displacing the subject. As to the veno-

mous glands they are easily discovered in the lateral

part of the anterior segments, and with a little care

their excretory ducts may be found, and may be disen-
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gaged as far as their terminations without much trouble.

It is sometimes diflicult to follow the biliary and uri-

nary vessels, since they adhere more or less to the intes-

tinal canal, and are easily broken. To isolate them,

some point in their course must be taken where they are

a little detached ; they are to be separated by drawing

them out with a needle bent into a hook, and cutting

the trachese and other filaments which retain them with

the microtome. After one portion has been disengaged

it must be held out by a pin fixed into the cork. The

different parts are separated in the same way, so that

ultimately the vessels are detached in their whole length.

This is a work that requires much patience and great

steadiness of hand, especially when the vessels are very

long, very adherent and contorted, as is the case in many
Insects.

437. Preservation.—The organs of the mouth are

preserved in the same manner as the other solid pieces,

but as these parts, as also the antennae, constitute the

principal characters by which the genera are distin-

guished, it is well to keep them separately and conveni-

ently arranged for observation, as they are in continual

requisition. For this purpose M. Straus-Durckheim

keeps these organs (and in general all the small parts

used in the classification of genera and families) in

small pasteboard boxes, shutting air tight. These

parts, dried and separated, should be dipped in a solu-

tion of corrosive sublimate, and fixed, if very small,

upon discs of stout paper with gum. The larger parts

may be put loose in the boxes.

The intestinal tube is to be preserved in fluid, like
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all soft parts, but exposed as little as possible to the ac-

tion of light, which blackens these preparations.

Insecta.

438. Dissection.—The organs of the mouth, as well

as the muscles of the pharynx, are prepared like those of

the Myriapoda, by opening the head from above. The

alimentary canal, which usually makes various circum-

volutions within the abdomen, requires to be displayed;

for this purpose the animal is fixed on its belly, and the

cavity opened on the upper side. The intestines adher-

ing only to the dorsal surface by the tracheal filaments,

it suffices to make a small opening towards the extre-

mity of this part of the body, so as to introduce the point

of the microtome, and gently raising the superior arcs to

detach the intestines, cutting through the segments one

after another as far as the most anterior. The last two

rings, ordinarily more solid than the others, should, how-

ever, not be opened until the others have been removed,

as they give attachment to several muscles, which are

inserted also upon the rectum. The longitudinal inci-

sion being made, the halves of the superior arcs are to

be turned down over the side, cutting as far as possible

the tracheae which retain them, and thus the abdomen

is opened in its whole extent. The upper part of the

thorax and corselet must be cut horizontally with the

slice, so as to remove in one piece a quarter of their height;

the alimentary canal being placed lower down, there is

no danger of interfering with it. This cut may be made

with greater facility before the insect is fixed, by holding

it in the fingers.
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The body being open in its whole length, with the

exception of the two last abdominal segments, these

also are to be opened, taking off only the shell of the su-

perior arcs, and that in small pieces, so as not to injure

the muscles placed beneath it. The subject must then

be fixed upon a cork plate under water, in order to pro-

ceed to the dissection of the alimentary canal itself. The

different parts of this latter being well detached by float-

ing out, the tracheae which bind them together must be

divided, and this method of disengagement continued

until they can be completely separated.

439. To prepare from above the organs of the mouth

in Mandibulate Insects, so as to see the pharynx at the

same time, the cranium must be opened in the same

manner as in the Myriapoda. When the first layers of

muscles have been removed, and the mandibles are ar-

rived at, it should be remembered that these organs are

only articulated closely with the head, by their superior

condyle, where they are fixed by ligaments, consequently

that part of the cranium which is next above them must

be removed first, especially its external portion where

the condyles are situated ; the only other attachment of

the mandibles being a loose ligament, they are easily de-

tached.

The superior condyle having been disengaged, the

scalpel must be passed between the mandible and the

cranial-piece outside, in order to divide the dermal layer

which unites these two parts ; the inferior portion still

remains where the articulation is equally loose, and

although there is also a condyle in its external part, the

latter is never accompanied by any special ligament, so

s2
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that when the membranous band that unites the parts

has been cut through, the mandible is easily removed

;

however, before disturbing that organ, the two tendons

of the adductor and abductor muscles must be divided

near to their insertion, as, if they are drawn out, they

will destroy other parts which should be preserved.

440. The two mandibles being removed, beneath

them are found the maxillse, the tongue, and the labium,

with their muscles, which may often be prepared toge-

ther, being situated side by side, except the tongue which

overlaps part of the labium. After the tongue has been

removed, and the organs proceeding to the maxillae a,nd

labium studied, these pieces may be detached, in order

to dissect them separately, by opening their different

parts, especially the palpi, with the slice ; a difficult

operation, on account of the minuteness of the objects.

For this purpose, each articulation of the palpus must

be held by means of the forceps, on the opposite side

from that intended to be opened, and a longitudinal sec-

tion made with the slice, proceeding from the extremity

towards the base. But it is better to employ the me-

thod indicated in speaking of the preparation of the

muscles of the feet of insects, that is, to fix the palpus

in wax.

441. The apparatus for trituration may be prepared

in three ways ; the first consists of making a longitudinal

incision in the gizzard, spreading it out and fixing it on a

small piece of cork, on which it is kept stretched until

dry ; the second plan is first to remove all its contents,

by directing a jet of water into it from a small syringe,

to blow it up and dry it in a state of inflation, so as to
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cut it then into two pieces, which show the parts in

situ ; the third method is to macerate the gizzard until

the epithehum, with the solid parts which belong to it,

become detached from the tunica propria. This is then

easily removed in layers, and the triturating apparatus

obtained completely isolated, the parts holding together

and often forming a little lantern of very beautiful con-

struction.

442. These preparations are preserved like those of

the Myriapoda.

Crustacea.

443. Dissection.—The organs of the mouth are pre-

pared exactly in the same way as those of the Myria-

poda and Insecta. As to the intestinal canal, which is

also exposed as directed for the latter animals, it must

be inflated by the anus to see its form, then taken in

one piece from the containing cavity, and water poured

through it until it flows out clean at the opposite end.

After having well washed the interior, and emptied all

the water out, a ligature is to be placed at one end, and

it must be filled with air from the other, which is then

to be tied, and the whole allowed to dry.

444. If by any accident there should be a small hole

in these viscera, they may be distended with grains of

millet or any other fine and smooth seeds, such as trefoil,

linseed, or rape seed. The small size of these seeds

allows them to lodge in the smallest folds and crevices,

and the smoothness of their surfaces prevents their stick-

ing. Thus distended, the object may be dried, and the

grain then shaken out by the same orifice.
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445. To restore, if wished, the natural form to the

part where the ligature has been placed, it is merely

necessary to soak it in tepid water, so as to soften it ; it

may then be distended anew, by filling it with any fibrous

substance, which should be previously well greased, to

prevent its sticking.

446. To see the liver, the body must be opened by

the back, as for the intestinal canal, always taking care

not to penetrate too deeply into the cavity, for fear of

injuring the viscera, which are often placed (especially

in the genus Astacus) in the dorsal region. After hav-

ing exposed it, the subject should be placed in water,

which must be agitated for some time to detach from

one another the lobes and vessels of this organ ; and

having well examined it in situ, so as to be certain of

its relations, it may be extracted with the alimentary

canal, and its details seen. The biliary ducts may be

distended from their orifices in the gizzard, or even in-

jected, if large enough.

447. To prepare the alimentary canal of the Limulus

in its whole length, the body must be opened by the

interior profile, and by the back, to see the biliary

vessels.

448. All these preparations are preserved like those

of Insects and Myriapoda.

Arachnida.

449. Dissection.—^When the phar3nax of the Pul-

monary Arachnidans is to be prepared, the trunk should

be opened at the side, cutting it vertically at a little dis-
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tance from the median line of the body, so as to see the

side view, as also the dilator muscle. In front of the

inner cartilaginous sternum will be seen the oesophagus,

forming a very narrow canal, and across its neck a ring,

formed by two nervous cords going from the brain to

the inferior ganglion ; but these two cords are so short,

that the two nervous expansions appear as if merged

into one, through which the oesophagus passes. The

gizzard is also then well seen ; but it may be quite as

easily found by opening the animal from the back ; and

as it is entirely enveloped in muscles, it requires care to

disengage it.

The part of the intestinal tube which is situated in

the abdomen may be best seen by opening that part of

the body from above.

450. The digestive apparatus of all the Arachnidans

is preserved like that of the other classes of articulated

animals.

SECT. III.—ilfOXLUSC^.—Cephalopoda.

451. Dissection.—To see the digestive organs of the

genus Octopus, the body should be opened along the

dorsal line, and the different peritoneal pouches which

enclose the alimentary canal successively cut into. If

opened in front all the organs situated in the sac will

be in the way ; and even after they are detached, the

liver, situated in front of the digestive tube, still remains

to be removed. In Sepia and Loligo, on the contrary,

it is better to open the body from the under surface, on
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account of the obstacle presented by the shell which is

placed in the dorsal region. The mandibles may be

preserved dry, but the other parts must be put into

fluid.

Gasteropoda.

452. Dissection.-—In order to prepare the digestive

apparatus of the Gasteropods in general, the body must,

as usual, be opened above along the median line, but

with some variations, according as there is an external

shell or not. Among the species which possess an in-

ternal shell, those individuals may be very advantage-

ously employed for this purpose, in which the capsule

of the shell, the pulmonary cavity, the heart, and the

gland of the viscosity have been examined. After all

these parts have been seen, in the Limax for instance,

an incision must be made along the back, from the pos-

terior border of the mantle to the extremity of the body,

a little to the left side, so as not to injure the retractor

muscles of the head and the tentacula. A second cut

should then be made transversely behind the mantle, in

order to have a wide opening into the visceral cavity.

By this are exposed, on the right the stomach, on the

left the liver, situated at its posterior extremity ; more

anteriorly, the ovarium ; and still more so, the terminal

convolutions of the intestinal canal : continuing the in-

cision along the anterior part of the body, that is, along

the floor of the pulmonary cavity, and the neck, as far

as the head, the anterior convolutions of the intestinal

canal are also exposed, placed altogether on the right

side ; also the salivary glands, which must not be con-



NUTRITIVE SYSTEM GASTEROPODA. 265

founded with the oviduct, or the folds of the penis*

which are of the same white colour. The penis is in the

middle, beneath the anterior part of the mantle, and the

salivary glands on each side of that organ.

453. The body being thus opened in its whole

length, the filamentous tissue should be examined,

which is reflected from the walls of the visceral cavity

over all the organs contained within it, where it forms

between some of them a condensed layer, which enve-

lopes them like an excessively fine sheath not adhering

to them. This sheath must be cut in all places where

the organs are in contact, so as the more easily to sepa-

rate them.

454. The retractor muscles of the head remaining

attached to the integuments on the right side, the man-

ner in which the extremity of the intestine is reflected

over them at their origin will be seen ; a small portion

of the integument, to which they are attached, should

then be cut, so that they may be turned back, to allow

an opportunity of seeing how the most anterior curve of

the intestinal canal (situated at the left side) is reflected

round the aorta at its exit from the heart.

In separating the lobes of the liver, those of the

ovarium, and the convolutions of the intestines with

the large arterial trunks going to these parts, will be seen

passing freely between them.

455. Those species with an external shell are to be

opened, as indicated in Chap. V. To render the intes-

tinal canal more distinct it may be injected by the

mouth, or still better, by the anus, taking care in Helixt

to direct the pipe along the commissure of the two last
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turns of the spire. The anus may be found by inflating

it from above with a blow-pipe.

456. Preservation.—To preserve preparations of

the viscera, it is a good plan to keep them several days

in weak spirit, after having opened the body and sepa-

rated the various organs from each other, in order to

give them a little consistence ; without this there is a

danger of tearing them.

AcEPHALA.

457. Dissection.—The digestive apparatus of the

Acephala Ostracodermata is difficult to prepare, on ac-

count of its close adhesion to the liver and ovarium, in

the substance of which it is excavated, as if they were

its own peculiar cavity. However, with a little care,

and above all with patience, it is possible to dissect it

out.

458. In the first place one of the valves must be

raised by the means indicated in the chapter on the

muscular system.

The valve having been removed, and the other con-

taining the animal fixed upon a piece of cork, the mantle

and branchiae on the exposed side are to be cut through,

and the body opened in its whole surface between the

foot and the back, by lifting up the muscular tunic,

which forms its parietes ; this should be done without

penetrating deeply into the mass of the liver and ova-

rium placed beneath, for fear of injuring any part of the

intestinal canal. The removal, at once, of all the mus-

cular layer forming the visceral sac, is advisable, as
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afterwards, when the demonstration of the parts of the

digestive apparatus is commenced, they are easily de-

stroyed in the endeavour to dissect off the remainder

of this coat, which is very coriaceous. The visceral sac

being thus open, the liver which adheres to it is neces-

sarily opened in its whole surface, and not only the bile,

but even the numerous particles of the parenchyma of

this organ are set free, and so discolour the water, that

everything is soon rendered invisible. "Without changing

this, since it would be clouded again directly, the liver

should be washed by rubbing it gently with a soft hair-

pencil ; in this manner the bile is extracted, and at the

same time a good deal of the parenchyma removed, so

that at last nothing remains but its spongy portion.

The water may then be changed so as to see what has

been done. The lobes of the liver are to be cut into

with the microtome, without going too deeply, and the

deeper parts washed with the brush, as they are ex-

posed, in order to reduce the mass of this organ still

more. When some portions of the intestinal canal

begin to appear, their course must be followed by

wholly exposing them, and by continuing this method

the entire apparatus will ultimately be seen, though

rarely all at once, for it is very often necessary to

take away the superficial parts in order to reach the

deeper ones. Before cutting them away they should

be opened longitudinally, to see their interior.

459. The mouth is often rather difficult to find, as

in many species it is deeply seated among the anterior

muscles of the body, which are generally torn in taking

off the valve ; but it may be discovered by tracing the
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labial appendages to their insertions, between which

the mouth is ordinarily situated. As to the anus, it is

easily perceived in the middle of the posterior surface of

the posterior adductor muscle, where it often projects.

460. As the chyme and the excrements which filled

the intestinal canal offer much assistance by their varied

colour (frequently whitish), in finding and following out

the different convolutions of the intestines, M. Straus-

Durckheim advises, as far as possible, that those indivi-

duals only should be dissected for this purpose which have

not been long without food, and which are, consequently,

not free from excrement.

461. The alimentary canal is preserved like other

soft organs.

SECT. IV.—RADIATA.—Entozoa.

462. Dissection.—The Entozoa are generally opened

from the back to expose their viscera, especially the Cavi-

tory Entozoa (Coelelmintha), whose internal organs are

free in the abdominal cavity ; but in the Parenchymata

the dissection is more difiicult, and it is well to inject

them by one of the extremities, the better to see their

disposition ; besides, the matter introduced by its soli-

dity serves as a guide in tracing them through the mass

of the body.

463. The preparations are preserved like those of

the Annelida.

Echinodermata.

464. Dissection.—The best view of the intestinal
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canal of Holothuria is obtained by opening the body in

its whole length from the ventral surface.

The Echinus ought, on the contrary, to be sawn in

two at an equal distance from the poles, being careful

not to cut too deeply for fear of injuring the intestine.

By always placing the saw above, the weight of the

digestive canal will in some degree separate the viscera

from the arch of the shell on which the saw is acting.

465. As to Asterias, it must be opened above to

see the digestive apparatus most advantageously, as also

the ligaments and the meso-coeca. For this purpose the

first operation is to make, through the integument at

the extreme border of each ray, two longitudinal in-

cisions, which are to be prolonged as far as the bases of

the rays; then raising the borders of these slits, the

meso-coeca are perceived towards the middle line, de-

scending from their arch. If necessary, these openings

may be then enlarged in the direction of these suspen-

sory ligaments, removing small portions at a time, until

only just the width of the band of integument which

sustains them is left. Having noticed their disposition,

a small opening should be made in the centre of the

superior surface of the integument, which must be en-

larged evenly by small degrees, in order to see Mdthin

the suspensory ligament of the stomach ; this is then to

be cut close to the integument, and the end of each slit

in the rays prolonged into the central one.

The stomach being wholly displayed by this process,

its continuity with its coeca is seen, and around, the

falciform ligaments which curve over its sides to termi-

nate in a point near the border of the mouth, and are si-
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tuated in the re-entering angles of the rays, which they

prolong as far as the stomach.

466. None of these incisions should be made in the

rays placed next the falciform ligament containing the

heart and the sand canal, whose situation is indicated

exteriorly by a plate of peculiar form placed at the junc-

tion of two rays. On this side the incisions in the rays

should be made and enlarged last of all, when the dispo-

sition of the cceca and ligaments have been well studied

in the other rays, so that the falciform ligament contain-

ing the heart and sand canal may not be injured. These

parts must be approached with caution.

467. After having examined the digestive apparatus

in its general arrangement, the cceca should be cut at

their origin, and removed with the tegumentary band to

which they are suspended. It is as well to leave this

band in all its original width in one or more rays, to

serve as a support to those cceca which are to be pre-

served, as they are more conveniently suspended upon

slips of wood, than by means of pins.

468. The cceca being removed, the radiating liga-

ments of the stomach are found beneath, arising in

pairs from the latter to be inserted on each side of the

vertebrae, in about the first fourth of each ray.

By blowing into the coecum all its little branches

are easily filled with air, having then the form of small

subdivided vesicles.

46.9. Preparations of all these animals are to be kept

in fluid, which must not be acid, as their shell contains

much calcareous matter.
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ACALEPH^.

470. The ramified intestinal canal may be injected

by the mouth and the suckers, which renders it more

distinct, especially if the parts are to be dissected. This

dissection will be found very difficult in fresh subjects,

the body being extremely soft, and sinking down com-

pletely when out of the water ; but the almost perfect

transparency of the body of several of these animals,

allows the disposition of the organs to be seen without

dissection.

The bodies of these animals are difficult to preserve

on account of their want of consistence, more especially

in spirit, which makes them contract strongly.

Polypi.

471. Scarcely any other preparation can be made of

the digestive organs of Polypes, than cutting their body

in half longitudinally to see the interior. The Actinice

alone which are sometimes very large, might be really

dissected with care ; and it is much to be desired that

some one would make out the complete anatomy of

them, to serve as a basis to the comparative anatomy of

this class of animals.

To prove that the digestive cavities of all the Polypes

on one base communicate with each other, and that the

nutritive particles which each absorbs are common to all,

Milne Edwards has injected a single head in certain

compound Polypes, and the mass passed into all the

other animals seated on the same Polypidom.
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Infusoria.

472. Although these animals cannot really be dis-

sected by means of the scalpel, some parts of their in-

testines may be seen, on account of the transparency of

their bodies ; and by long observation, the form and dis-

position of certain of these organs may be sometimes

understood, especially in the large species, such as

Brachionus. But, according to the ingenious observa-

tions of M. Ehrenberg, these little animals may be pre-

pared so as to render the alimentary canal more ajDpa-

rent (^205). The animals swallow the colouring mat-

ter, and then, by placing them at once in cold water,

the coloured intestine is seen, the rest of the body re-

maining white.

CHAPTEE YIII.

SEROUS SYSTEM.

Mammalia.

473. The serous membranes, such as the arachnoid,

the pleura, the peritoneum, &c., can hardly be prepared

separately from the organs they envelop. To study

them upon each, they are raised and detached mechani-
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cally with the handle of a scalpel, or simply with the

finger. These fragments are examined under the mi-

croscope, and in water, to see their cellulo-fibrous struc-

ture. As to the expansions they form, they are studied

upon the organs to which they serve as bands. The

epiploons, forming vast free membranes, may be easily

removed and preserved, either in the dry or wet form.

480. AvEs, Reptilia, Chelonia, exactly the same

as in the preceding class.

Pisces.

481. The peritoneum is very easily removed in those

Fishes where it is coloured, from its being thus better

distinguished and being generally slightly adherent,

and is preserved like that of other Vertebrata.

482. The dissection and preservation of the serous

membranes, where they exist in the last three divisions

of the Animal kingdom, is conducted together with the

organs, especially the digestive, of which they form a

part.
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CHAPTEE IX.

GLANDULAR SYSTEM.

SECT. I.—VERTEBEATA.—Mammalia.

483. Dissection.—The kidneys and supra-renal cap-

sules, and even the bladder, may be very well prepared

separately ; but the urethra, which opens externally with

the genital organs, must be prepared at the same time

as the latter.

After the relations of the hidr^eys with the surround-

ing organs have been examined, they may be removed,

which is easily done, as they are only fixed by the ves-

sels and nerves belonging to them, and a mass of fatty

cellular tissue which surrounds them. When they have

been divested of this fat, and their proper fibrous cap-

sule has been examined, the kidney should be divided

through its longest diameter into two equal parts, the

cut being made so as to pass out by the middle of the

hilus. In this way a section is made, which divides at

once the cortical and tubular portions, the papillse, the

calices, and the pelvis.

484. If it is intended to study the urinary canals in de-

tail, the kidney must be previously injected, and it is better

then not to make the incision exactly through the mid-
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die, but rather to one side, so as not to injure the ureter.

Injections of the renal arteries often pass, when care-

fully made, into the excretory ducts. This circumstance

has led to the erroneous opinion, that an open commu-

nication existed between the ducts or acini and the capil-

lary blood vessels, which ramify upon them. The trne

explanation, however, appears to be, that it has been

caused by rupture and extravasation of the injection

from one set of vessels into the other.

485. The bladder is prepared by blowing into it mo-

derately, to give it the volume which it usually has when

full. Thus distended, the position of the ureters may
be examined. A sound is to be introduced to see the

oblique direction of these canals between the coats of

the bladder, which may easily be inflated through them.

The coats of the bladder are then to be dissected, to see

the disposition of the muscular bands which form with

each other a kind of sphincter.

486. The kidneys should be injected, and then cor-

roded or macerated, in order to obtain a cast of the in-

terior of the excretory canals. This injection should be

made by the orifices of the tubuli uriniferi, upon the papillae

which project into the calices, because it is difiicult to

make it penetrate from the ureters. The blood vessels

may be injected at the same time, so as to obtain in one

preparation, the three principal kinds of vessels, which

enter into the composition of these organs.

As the kidneys can be easily removed from the body

with the common trunks of their vessels, and excretory

canals, the blood and air may be extracted by means of

the pneumatic bell (1140), before injecting them.

t2
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487. The other special glands are to be prepared

at the same time that the surrounding parts are dis-

sected.

As soon as they are laid bare (even a portion will be

sufficient when investigating them in an animal, whose

organization is not very well understood) their excretory

ducts must be sought for, and the position of their ori-

fices will be quite enough to indicate the function of the

organ. These canals may be found, by following either

through the parenchyma of the gland the first branch

that is met with, or equally well, by disengaging the

gland from all the neighbouring organs, when the com-

mon trunk of the excretory canals will necessarily be

seen, and must not be confounded with the vein or ar-

tery. There is another plan (and it is the best when
applicable), which is, to inject merely some water into

the first branch of the excretory canal that is found;

the water, by flowing out at the common orifice, will

indicate its position.

488. If the orifice of the excretory duct is already

known, it should be injected with some substance

which will harden, so that, in dissecting the gland, the

mode of subdivision of the canals may be traced.

Lastly, the lobes of the gland should be at once dis-

sected with a lens under water, to endeavour to see the

origin of the canals, as well as the form, arrangement,

and structure of the little simple glands from whence

they arise. The injections are best made with the large

or small injectory (^33), as the force may be measured,

and the jet of fluid let on or stopped at pleasure. For

the injection of very small glands, it is better to use the
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caoutchouc bottle (51 29), the clysette (^31), or the

pipette (^32).

In his first attempts, the operator should be content

with injecting very small glands with coloured alcohol

or water ; in many cases injection may be dispensed with

altogether, if the organ is turgid with its own peculiar

secretion. By gently compressing it under water, this

liquid is made to flow from the orifice of the excretory

canal, the position of which is thereby indicated.

489. If the gland is very large, as the liver or pan-

creas, not only the excretory ducts, but the veins and

arteries also should be injected, in order to see the rela-

tions and arrangement of the three kinds of vessels ;

perhaps it may be possible even to inject the lympha-

tics.

In this quadruple injection different coloured sub-

stances must be employed—for the arteries, vermilion
;

the veins, dark blue or black ; the excretory vessels,

green ; and for the lymphatics, white or yellow.

490. It is said that good preparations of the vessels

of glands may be made by destroying, by maceration in

water, the parenchyma which unites them ; this paren-

chyma (generally of a looser texture) decomposing

sooner than the membranes, which form the vessels and

excretory canals, so that the latter remain after the

former has been quite removed. The process is as

follows :—the entire organ must be macerated for seve-

ral days in tepid water, until the membrane forming

the general envelope can be easily detached ; it is then

to be wholly removed. The maceration is still to be



278 GLANDULAR SYSTEM—MAMMALIA.

continued, taking care to wash the preparation daily

with a syringe (which must be used gently, so that only

the decomposed portions are removed) until nothing but

the vessels and their numerous ramuscules remain. The
maceration must then be stopped at once, for fear the

vessels themselves should be decomposed. The speci-

men is to be well washed, and allowed to soak some

hours in clean water, which must be changed two or

three times. Lastly, the preparation should be placed

in some preservative fluid.

491. The preparation of the thymus and thyroid

glands, consists in injecting them, after which they may
be dissected at once. M. Straus-Durckheim recom-

mends this being done under water, which not only

carries away the extravasated fluids, but also allows the

lobes and lobules which are separated to be more easily

discerned, whilst in dissecting in air the parts all ad-

here together, and it is scarcely possible to distinguish

anything.

492. Preservation.—The kidneys and all other

special glands must, of course, be preserved in fluid, but

the bladder may be dried. For this purpose it must be

blown into moderately, so as not to distend it too much,

then dried in a current of air and washed over with a

solution of corrosive sublimate.

Those special glands which have a cavity may be

injected with some coarse material, in order to obtain an

internal cast, to see the form of the cavity. This may
be done with wax, fusible metal, or simply with plaster,

(1138,101,106).



GLANDULAR SYSTEM PISCES, 279

AVES.

493. The kidneys of birds being deeply seated in

the anfractuosities of the pelvis, are very difficult to re-

move, and are best prepared in situ. These preparations

are limited to injections of the excretory canals, made

either by the orifices of the ureters in the cloaca, or by

cutting into those ducts in any part of their course.

If corroded preparations are to be made, the kidneys

should also be left in their places in the pelvis.

Reptilia and Chelonia.

494. The kidneys and urinary bladder of Reptiles and

Chelonians, are prepared exactly in the same manner as

those of Mammalia and Birds. They may be extracted

to inject their excretory vessels separately, and are also

to be preserved in fluid.

Their other special glands, which are not very large,

may be preserved vi^ith their neighbouring parts, and the

very small ones, placed beneath the skin, examined

when studying that part.

Pisces.

495. The kidneys of Fishes being placed in the ab-

domen, along the vertebral column, in order to expose

them, this cavity must be opened from the belly, half

the length of the ribs cut away, the subject placed on

its back, and all the other viscera which conceal them

removed. The ureters should be injected to see their

distribution in the kidneys *
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The mucous canals, which open upon the lateral line

of the body, are to be injected by their anterior extremi-

ties, which proceed from two glands, placed above the

eyes, which furnish the peculiar viscous secretion ad-

hering to the body of Fish.

496. To prepare the electrical organs of the Torpedo,

the body should be opened above, the skin being first

carefully removed, and then the parts covering these

organs, by small portions at a time, which will allow

the branches of both the maxillary and pneumogastric

nerves, which (according to Cuvier) are distributed to

them, to be followed out.

The electric organ of the Gymnotus, placed beneath

the tail, should be dissected from the side, the better to

see the edges of the small lamellse of which it is

composed.

497. The best view of the swimming Uadder (espe-

cially in those Fishes which have the body much com-

pressed) is obtained by removing, on one side, the ribs

with the muscles attached to them ; a side view of the

visceral cavity is thus obtained, which allows also the

respective relations of all the other organs to be care-

fully studied.

SECT. ll.—ARTICULATA.—MY^iKvojiA.

498. The urinary organs of the Chilopoda are best

seen by opening the posterior part of the body from

above. They are situated on each side of the terminal

portion of the intestinal canal and the genital organs.
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but must be detached with care, cutting one by one the

tracheae which retain them, so as not to break the ex-

cretory duct, which is extremely slender.

After having entirely removed the superior arcs of

the segments of the animal (which should be previously

fixed on a plate of cork), the glands are to be detached

in the manner just described; this being done, they

should be removed from the cavity of the body, and

fixed to the side of the cork, the excretory duct unra-

velled, and its convolutions followed as far as their ter-

mination.

499. These preparations are preserved with the ge-

nital organs, to which they are appendages.

Insecta.

500. The urinary organs are prepared with the ali-

mentary canal to which they are appended, exactly in

the same manner as the hepatic vessels, which they

much resemble.

As to the stings and poiso?i vessels, they require more

care, these structures being very small, and much com-

plicated by the different horny pieces which belong to

them, the muscles which move them, and by the secret-

ing portion which produces the poison. In order to

prepare them, the abdomen must be first of all opened

from above, to get a good view of the disposition and

relations of the whole ; then the posterior segment may
be taken away, with all the poison apparatus, fixed on

a small piece of cork, and placed under a lens (magni-

fying about ten diameters for such an insect as Vespa-

crahro). The regular dissection of the parts is then to
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be proceeded with, taking a direction sideways, from the

exterior towards the interior, as far as the median line of

the subject where the sting is situated, attached to the

excretory duct. Then continuing the dissection from

within outwards, in the other half of the segment the

real arrangement of the parts may be understood, whicb

could not easily be done before, in going from without

inwards.

This apparatus being intimately connected with that

of generation, they should be examined together.

501. The best way to fix such small objects on the

plate of cork, is to leave one or two of the hinder seg-

ments of the abdomen attached to tbem, through which

the pins may be stuck ; these of course should be firmly

fixed and very short.

502. The other secerning organs, and those sup-

posed to be such, as the appendages certain Insects pro-

trude from their bodies when in danger, are to be pre-

pared with the neighbouring integument, and ought to

be examined from the interior of the body, to ascertain

their nature and the means by which the insect extrudes

or retracts them.

503. For exposing the serigenous vessels in the larvae

of certain Insects, as those of the Lepidoptera, the body

must be opened along the median line, and the edges of

the incision being drawn aside, they are readily disclosed,

without much dissection, as two elongated blind sacs,

lying upon either side of the alimentary canal, their ex-

cretory ducts terminating upon the under surface of the

labium. The glandular organs are preserved like the

other viscera.
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Arachnida.

504. The glandular organs of the Crustaceans and

Arachnidans are prepared and preserved as in the other

Articulata.

SECT. III.—MOiXU^SfC^.—Cephalopoda.

505. The Ink-hag of Octopus is found by slitting the

sac and the cavity of the abdomen along the median

line anteriorly. When the first of these cavities has

been opened, and its margins separated, the second should

be opened from top to bottom as far as the anus ; then,

having noticed the excretory duct, M^hich ends near the

latter, a cut should be made at the side of the anus,

through the parietes of the abdominal cavity, so as to

open it entirely, leaving the anus and the excretory duct

on one side ; but care must be taken not to open the

ink-bag itself, as the ink would so stain the preparation,

that it would be of no further use. In specimens pre-

served in alcohol this matter is thickened, but still solu-

ble in water.

Gasteropoda.

506. It is difficult to discover the pores from which

the viscous secretion covering the body of Limax issues,

these orifices being situated at the bottom of the folds

formed by the integument; but the fluid maybe seen to

ooze out when the body is scraped with a knife.

The follicles which secrete the material of the shell

are found in Gasteropods outside the shell, by opening
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the thickened portion forming the border of the mantle,

this part being chiefly made up of them.

To see the colouring fluid of Aplysia, it is only ne-

cessary to squeeze the border of the mantle, and it will

then issue from it.

507. The gland of the viscosity is easily exposed in

Limax and Helix. In the first the cavity containing the

shell should be opened by a crucial incision made over

the adherent portion of the mantle ; then turning back

the four slips, the shell may be extracted, beneath which

the viscosity gland is situated ; it may either be blown

out, or its duct injected from its orifice, which is placed

more posteriorily than that of the pulmonary sac.

508. In Helix, half of the last whorl of the shell must

be removed, and the gland will be seen placed in the

middle of the posterior surface of the herniary sac,

where it is distinguished by its yellow colour. It may
be inflated with air, or else injected by its duct, placed

beneath the vena cava, in the thickened portion formed

by the first turn of the herniary sac in its upper part.

AcEPHALA.

509. To see the organ producing the threads called

hyssus in the Pinna, the body must be opened at the side

as usual, and it will be found in the interior at the base

of the foot, where it is easily recognized.

These organs are preserved like those of the other

Mollusca.

510. Too little is known of the glandular organs of

the Radiata to merit any notice upon the methods of

dissecting and preserving them.
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CHAPTEE X.

GENERATIVE SYSTEM.

SECT. I.—VERTEBRATA.—Mammalia,

511. Dissection.—The study of the genital organs,

male as well as female, should obviously be divided into

three separate stages. In the first place, the external

and superficial parts are to be examined ; next, the in-

ternal ; and the preparation is completed by the dissec-

tion of the external deep seated parts.

512. After having examined the disposition of the

scrotum, penis, and their external parts in the male, the

preparation of the scrotum, and the organs contained in

it, should be commenced by following the different coats

to their origin, the fibrous tunica vaginalis included.

The tunica vaginalis, which forms like all serous mem-
branes a shut sac, is to be inflated so as to recognize

its extent. After having removed it, the dissection of

the testicle may be continued separately, by cutting

through the spermatic cord previous to its entrance

into the abdomen, or waiting until the whole apparatus

can be detached in a single piece, which comes to much
the same in the end. To see better the arrangement of

the corpus Highmorianum on the detached testicle, a

longitudinal incision is made, passing as near as possible
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to the commencement of the epididymis. In tracing

the parts afterwards, it will be seen how the corpus

Highmorianum is composed of the canals of the rete,

and prolongations of the albuginea investing them ; and

how the first are continuous with the vasta recta, and

these with the seminiferous tubes. These last form

each a ball which may be unwound, but not without dif-

ficulty, on account of their extreme delicacy ; an opera-

tion which should be therefore done under water. For

this purpose it is recommended to macerate the testicle

for some time in water containing potash, which causes

the tubuli seminiferi to detach more readily from each

other, but after having thus macerated it, the testicle

must be put back some days in alcohol to harden it.

Having arrived at the spermatic cord, properly so

called, formed by the vas deferens, and its accompany-

ing vessels and nerves, the abdomen should be opened,

endeavouring in so doing to preserve intact the passage

of the inguinal ring, so that it may serve as a guide.

The vessels and nerves are to be followed out to the

trunks from which they arise, and by tracing the defe-

rential canal, the vesiculee seminales, if existing, will be

recognized.

513. Turning back afterwards the testicles upon the

inguinal rings, the muscles of the perineum are dissected

from without, care being taken to raise the integument

cautiously, so as not to injure the subjacent parts, which

are the sphincter ani, the corpus-cavernosum, the bulb

of the urethra, the ischio-cavernous, bulbo-cavernous,

transverse-cavernous, recto-cavernous muscles, the cau-

do-recta.1, the terminal portion of the pubio-caudal (ele-
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vator of the anus), and that of the ilio- caudal muscle

(also an elevator of the anus).

514. After having examined these parts in situ, with-

out detaching them, the pelvis should be opened by-

removing one of its lateral halves, which is to be dis-

articulated at its two symphyses, the ilio-sacral and

pubic, after having cut on a level with the bone all the

organs which are attached to the piece to be removed.

The pelvis being opened, the deferential and ejaculatory

ducts are to be traced within its interior, to the entrance

of the latter into the urethra. It is then that the ter-

minal portion of the intestinal canal and urinary appa-

ratus can be also easily studied. The muscles of the

perineum, on the side where they remain in place, will

serve to indicate the arrangement of those which have

been detached ; and after having removed these last, the

prostate with Cowper's glands, may be recognized and

dissected, and the arrangement of the urethra and the

corpora cavernosa seen. Lastly, having seen these parts

in situ, the genital apparatus is detached on all sides, so

that each of its parts may be examined in detail. For

the urethral canal, a sound is introduced by the penis

into the bladder, as upon this the canal can be more

easily cut into.

515. For preparing the corpora cavernosa a small

opening is made, before detaching them from the ischia,

in one of their roots, to introduce the canula of a syringe,

and squirt warm water into them.

By this means these organs swell as in erection, and

being afterwards squeezed, the liquid is forced out with

some of the blood which was contained in them. This
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operation is repeated until the water returns clear ; then

having as well as possible driven it all out, they are for-

cibly inflated, a ligature placed on the two roots, and

detached. In this state the specimen is dried, and

opened afterwards along one of the sides, to see the ar-

rangement of the internal fibrous partitions. The cor-

pus cavernosum can be also injected with mercury, and

the latter poured out when the specimen is dry.

516. The study of the female genital organs may be

conducted in the same manner. After having examined

externally the vulva, the nymphse, clitoris, hymen, and

orifices of the urethra and vagina, the abdomen should

be opened by raising the abdominal muscles upon a

level with the bones of the pelvis, leaving simply in

situ the part which contains the inguinal rings, through

which the round ligaments of the uterus pass out.

After having removed the mass of viscera dependent

upon the digestive canal, the bladder is disclosed su-

perficially within the true pelvis, behind the pubis;

and the uterus contained in its broad expanded liga-

ments divided into two wings, the posterior of which

contain the ovaries, and the anterior the Fallopian

tubes.

517. These parts having been recognised in their

place, each ovary may be separately excised, its structure

studied, its Graafian vesicles observed, and if possible, the

ova they contain ; the large ligaments being afterwards

removed to see the uterus enclosed between them ; and

lastly, the pelvis opened from one of the sides, as has

been mentioned before for the male ; but it is better to

begin by opening the pelvis, so as to see a profile of all
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the organs in situ. In this state the relations between

the genital and urinary organs can be better recognised,

and each part removed afterwards separately, to examine

its contexture.

After having seen the large ligaments, the round

should be exposed, w^hich extend from the superior

angles of the uterus to the inguinal rings, through which

they pass out to be lost in the groin.

In the uterus, the direction of its muscular fibres

should be endeavoured to be recognised ; and in its inte-

rior, the form of the cavity and the mucous follicles.

518. Preservation.—The sexual organs, both male

and female, should be preserved for the most part, like

the viscera generally, in fluid.

Some parts, however, may be preserved in the dry

state; for example, the bone of the penis and penis

itself, the corpora-cavernosa of which have been filled

with air and dried, to see the arrangement of the inter-

nal fibres, and some dried preparations of the membrane

of the hymen ; but all these dried soft parts should be

washed over with corrosive sublimate, to preserve them

from destructive insects.

AvES.

519. The internal genital organs of the two sexes

being placed along the vertebral column within the

pelvis, the body of Birds must be opened from the belly

to expose them. For this purpose, all the vertebral ribs

are cut through their middle transversely, and the in-

tegument with the abdominal muscles, along the ihac
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and pubic bones to a level with the cloaca, and the

upper part of the subject is then placed upon its back

to proceed with the dissection in detail, after having

previously removed the alimentary canal as far as the

rectum, where it is to be cut across.

These preparations are preserved like those of the

Mammalia.

Reptilia.

520. In the class of Reptiles the preparations of the

genital organs are made precisely as in Birds, from which

they differ but little.

Chelonia.

521. The preparation of the genital organs of the

Chelonians demands especial care, like that of all the

soft parts of these singular animals. These organs

being placed in the posterior part of the carapax, the

scapulae are no hinderance to their being seen and dis-

sected from below ; and in that manner it is convenient

also to prepare them. For this purpose the posterior

half and even two thirds of the plastron is to be re-

moved, by sawing upon each side the angle formed by it

with the carapax, as has been indicated in the chapter

upon the muscles. After having exposed the mass of

viscera, the intestinal tube is raised to within a small

distance from the cloaca, and cut across, and the exami-

nation of the exposed genital organs proceeded with in

the same manner as for R-eptiles and Birds.
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Pisces.

522. The genital organs of Fishes should be seen

from below, and the animal is therefore opened from the

belly. The anatomical specimens are preserved like

those of the other Vertebrata.

SECT. II.—ARTICULATA.—Annelida.

523. The body is opened along the back, and the edges

of the incision turned down to see the genital organs of

the two sexes fixed to the ventral surface, and the pre-

parations are preserved like all other soft parts.

Myriapoda.

524. The preparations of the genital organs of Myri-

apoda are made like those of the other viscera, by open-

ing the body along the back ; and as these organs are

placed immediately beneath the heart, care must be

taken not to thrust in the cutting instruments so as to

wound them.

Insecta.

525. The genital organs of the two sexes being con-

stantly placed in the abdomen, will be prepared by open-

ing this cavity from above. For this purpose, the supe-

rior arcs are to be cut through their middle with fine

scissars, and the two edges turned back, or, especially in

those which have a depressed abdomen, a small piece

u 2
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may be cut out with the scissars from their lateral mar-

gins, so that all the dorsal arcs may be removed in a

single piece. But in this last operation there is a risk of

damaging the internal parts which it is wished to pre-

serve, andM. Straus-Durckheim prefers, therefore, open-

ing the body from the median line. The intestinal

canal is raised, and cut at a small distance from the

cloaca, and the genital organs found beneath, filling

principally the inferior and lateral part of the abdomen.

The preparations may be either preserved in the inferior

part of the abdomen, reduced simply to the integument,

which forms a dark ground for these organs, which are

generally white ; or the posterior segments only may be

preserved to which the cloaca is attached.

Crustacea.

526. To prepare the genital organs of the Crustacea,

the body must most frequently be opened in the ordi-

nary way from the back ; but in very small species, the

integuments of which are transparent, they may be seen

through the body of the animal in an entire state.

The spermatic vessels may be well enough traced in

individual Limuli, killed at the period of their pairing,

when these organs are crammed full of white sperm, which

the preserving fluid coagulates ; the terminal trunks of

-these vessels are more than -/yths of an inch in thick-

ness.

As to Jstacus, it should be opened with precaution,

the testicles, as well as the ovaries, being placed imme-

diately beneath the buckler. The males should be se-
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lected in preference during winter, when their seminife-

rous tubes are largest, and the females in spring, be-

fore laying, and small or young specimens which lay for

the first time, rather than old, their ovaries being less

developed, and containing but a small number of mature

ova.

The preparations are preserved in fluid.

Arachnida.

527. In the Araneida, the testicles can seldom be

prepared but on fresh subjects, as they are extremely

weak, and rupture easily when these animals have re-

mained some time in fluid, at the same time that they

are then but very indistinct from the fatty body which

envelops them.

528. As to the excitatory organs enclosed in the

last joint of the palpi of the male, Treviranus recom-

mends our killing these animals in boiling water, when

these parts develop completely by protruding from their

case ; but they must only be left one or two minutes,

so as not to undergo any alteration, and placed after-

wards in an alcoholic liquid.

For preparing the genital organs of the two sexes,

the body ought to be opened from the back.

SECT. III.—MOXLUSCJ.—Cephalopoda.

529. For preparing the genital organs of the Cepha-

lopoda, Octopus in particular, the body is to be opened
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along the belly ; that is to say, at first the ventral sac,

and then the different cavities inclosing the other viscera ;

these being removed, the testicles are found placed in

the bottom of the sac, against its dorsal parietes, and

consequently against the shell in those species which

have an internal one, as the Loligo. Lastly, the peri-

toneal sac is cut into, which is placed quite at the bot-

tom, attention being paid, not to open at the same time

the membranous capsule which envelops the testicle

and ovary.

These organs are preserved like the other soft parts.

GaSTEROPODA.

530. The same methods are employed for preparing

the genital organs of the Gasteropoda as for their alimen-

tary canal ; care only must be taken not to slit the ante-

rior part of the body in the same situation where the

orifices of the genital organs are, which should not be

opened until after the arrangement of the internal organs

has been well understood.

The herniary sac may be left in like manner attached

to the columella, which is to be preserved, so that the

latter serves as a support to the organs it is wished to

keep ; or, the herniary sac may be extended, by cutting

here and there the ligament which fastens it to the co-

lumella.

AcEPHALA.

531. The preparation of the genital organs of the

Acephala is commenced as for their other structures, by

raising one of the valves, care being taken not to injure
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the mantle ; and after having examined the latter, so as

to assure ourselves that the ovaries are not prolonged

into it, it is cut away, as well as the branchiae. The ori-

fice of the lateral cavity is then easily disclosed in the

Mytilus beneath the belly. These preparations are pre-

served like the other male organs.

SECT. W.—UADIATA.—E^TozoA.

532. The genital organs of the Cavitary Entozoa are

prepared like those of the Annelida ; but those of the

Parenchymatous present greater difficulty, it being ne-

cessary to follow them out with the scalpel through the

parenchyma of the body, in the same way that the in-

testinal canal of the Acephala is traced through the

liver. The preparations are preserved like those of the

Annelida.

ECHINODERMATA. *

533. To see the ovaries of the Holothuria, the body

has only to be opened along its inferior surface. For

those of the Echinus, the shell is sawed into two equal

portions, as in preparing the digestive canal. Lastly, in

Asterias, the integuments are removed from the upper

part of the body, and the base of the rays. In turning

back the strips thus formed, the ovaries are found resting

against the lateral parietes.

ACALEPH^.

534. The genital organs must be traced like the
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other viscera, through the parenchyma of the body by

means of a scalpel.

Polypi.

535. With the exception of somewhat large species,

such as the Actinice, the Polyps can seldom be dissected,

and in the former the whole proceeding is reduced to

slitting the body in two along its axis to see the interior

of the cavity, and making different cuts in the paren-

chyma, to see the arrangement of the eggs. Some of

the methods, however, employed by Trembley in his

curious experiments may be pointed out here.

536. In order to cut the Hydras transversely, Trem-

bley placed them in the hollow of his left hand, with a lit-

tie water, leaving them quite still. These creatures soon

began to lengthen out, and while in the state of greatest

extension they were cut into two with very fine scissars.

To cut them longitudinally is a more difficult ope-

ration, the body being long and narrow. But to suc-

ceed, the same observer placed these animals also with a

little water in the hand, bringing them afterwards with

the point of a brush to the margins of this drop of

water. In this state, these animals contracting as much
as possible, their body became short, wide, and de-

pressed. Seizing them then between the blades of very

fine scissars he cut them lengthways; sometimes for

performing this operation, he seized upon the moment
when these animals were well fed, and their body being

then very swollen and broad, they were readily cut into

two.

For replacing these portions of Hydra in the jar full
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of water destined for them, he began by covering them

with water, and raising them afterwards with the point

of a well moistened brush, so as not to tear them.

Each half of the Hydra grew together at its edges,

which united thus to form a complete individual : and

this re-union took place so rapidly, that it commonly took

hut an hour, and even less, for the half of a longitudinally

divided Polyp to assume the form of a perfect individual.

For simply opening the body of a Hydra longitudi-

nally, Trembley caused the animal to contract in his

hand, as for cutting it in two, and then making the

point of his scissars enter by the mouth and pass out

at the other extremity of the body, the latter was slit by

closing the instrument.

According to the numerous experiments of this ob-

server the Hydra could even be cut into a great number

of pieces, each, or at least the majority, of which became

complete individuals. When a number of notches were

simply made in the body, so as to divide it into several

parts, which still held together, all of these became

either heads or tails, and formed a very compound ani-

mal.

Lastly, in turning a Hydra inside out, like a glove,

the animal continued to live in this state, where the ex-

ternal skin became the internal membrane of the sto-

mach, and vice versd.

For performing this latter experiment, Trembley re-

commends our commencing by giving the animal

plenty to eat, so that its body may dilate as much as

possible. Placing it then in the hollow of the left hand

with a little, water, the posterior part is first pressed
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slightly, to make the food contamed in the cavity ad-

vance towards the mouth, and pass partly out of the

latter, forcing it thus to dilate considerably. This being

done, the bottom of the sac that forms the body is to

be pushed with a hog's bristle, cut square at the end, so

as to make it pass into the interior ; and continuing the

operation, it is made to advance towards the mouth,

pushing the food before it, and thus forcing the former

to dilate, it facilitates the exit of the bottom by this

orifice.

A Hydra, thus turned inside out, reverses itself most

frequently, so as to recover its primitive and natural

condition, but to prevent this Trembley fixed the ante-

rior extremity, by transfixing it as near as possible to

the mouth with a very fine hog's bristle. He made a

knot beforehand in the bristle, to prevent the animal

from disengaging itself, and then placed the latter at the

bottom of a glass the knot downwards, so that the body

gliding along, could not be unspitted.

To introduce one Hydra into another, so as to graft

them together, Trembley gave both of them food. Plac-

ing that which was to be internal in the hollow of the

hand, he made it contract as much as possible ; pressing

it then slightly with a brush, so as to drive a part of the

food it had swallowed out at the mouth, he forced this

opening to dilate. Taking next in the right hand a

hog's bristle, he passed the large end into the mouth,

and pushed it to the bottom of the stomach. Causing

afterwards the mouth in the second individual, which

was to become the external one, to open also, he thrust

in the first, placed at the end of the bristle.
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CHAPTEE XL

EESPIRATORY SYSTEM.

SECT. 1.—VERTEBRATA.—MAMMAJ.IA.

537. Dissection.—The lunffs forming two masses, ad-

herent only above within the thoracic cavity, can be

easily drawn out without being injured, by removing

them together with the trachea, the heart, and medias-

tinum. In this state their external form and relations

can be easily studied, at the same time that, by slight

inflation through the trachea, they can be placed in the

condition in which they are during inspiration. The
air-tubes swell out by this means to their minutest sub-

divisions, and the whole organ assumes the elasticity of

a bladder. Thus filled with air these organs are seen,

by their slightly undulated surface, to be sub-divided

into a great number of very irregular and compound

lobules, which may be often neatly separated by means

of a scalpel, especially among the Ruminants, and the

Calf in particular, where a portion by no means large

may be easily isolated for separate inflation. For this

purpose, a part forming the extremity of a pulmonic

lobe in this animal, where the lobules are particularly

distinct, should be chosen, isolated from the rest, and

when the bronchial tube passing into it is reached, it is
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to be cut at a certain distance above, so as to form a

pedicle by which the small lobule can be inflated. But

care must be taken not to push the pipe in too far, for

fear of injuring the internal walls of the bronchi, and

making apertures which would communicate with the

spaces forming the intervals of the lobules, and by

which the air would escape. Thus the inflation of an

entire lung, which is very difficult, may be dispensed

with, by confining ourselves simply to a very small

portion of the organ. After having dried the lobule

thus distended with air, slices are raised from it by

means of a well-cutting instrument, such as a razor, to

see the internal structure of this viscus, when the walls of

the cells, stiff" by drying, maintain their form perfectly,

and admit of their arrangement being distinctly seen,

and how they communicate with the terminal bronchial

canals ; the points also, where the cellules adhere to the

external membrane of this organ, are particularly well

recognised upon the most superficial lamellae of the lung

in the Calf.

538. To those who are acquainted with the struc-

ture of the parenchyma of the lung, it is clear, that this

viscus cannot be injected by the bronchi with the view

of having an internal mould, seeing that the mass, sup-

posing it perfectly succeeded, would fill the cells, and

form but a shapeless body, where it would be impossible

to distinguish the least thing. If, on the contrary, it is

wished to know the arrangement of the principal bron-

chi, these canals should be injected with a corroding

mass, and best with a fusible metal, but without emp-

tying the lungs previously of air, so that the cellules
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may not be filled, and the parenchyma will be destroyed

afterwards by maceration.

539. Preparations of the larynx are simply made

with a scalpel. After having freed this apparatus from

the neighbouring organs, and examined its relations with

the tongue, os hyoides, pharynx, and trachea, it is re-

moved in a single mass with the latter, to be examined

separately. Every thing that does not enter into the

composition of this apparatus is to be successively de-

tached, excepting the hyoid bone, which serves as a sup-

port to it, and the upper end of the trachea which is its

continuation. It is fixed upon a cork plate, the lateral

part of the hyoid bone cut on one side, as well as the

corresponding half of the thyroid cartilage, which must

not, however, be cut so near the median line, as to

destroy the lateral ligaments and chordse vocales. By
this all the muscles are exposed, and the rima glotti-

dis seen extended from the thyroid to the arj^tenoid

cartilages. In raising successively the muscles, the car-

tilages and their ligaments are entirely uncovered ; and

lastly, by cutting away also on the same side half the

cricoid cartilage and trachea, an internal profile of the

larynx is obtained.

540. Preservation.—The lung may be preserved

dry or in fluid. This last method is preferable for seeing

the general form of the organ, and its relations with

other parts, as it becomes much out of shape by drying.

The first is better adapted for showing the cellular struc-

ture of this organ. When the preparation is to be pre-

served in a dry state, an alcoholic solution of corrosive

sublimate must be previously injected by the bronchi, to
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keep it from insects ; and it is then emptied immediately

afterwards, blown into, and turned upside down, the

trachea below, to cause the rest of the liquid to run out.

When all of it is accumulated in the trachea, the pre-

paration is taken up and blown into afresh to distend

the cells, and then put to dry. It is true that the air

being susceptible of compression by the contracting of

the parenchyma, the lung is much deformed, but not

sufficiently to prevent our seeing the arrangement of

the cells. If a portion of lung is not bulky, it can be

injected with mercury, and suspended by the bronchus un-

til the preparation is dry, and then the metal poured out

;

but these means are not equal to distension by air.

541. Preparations of the larynx along with the mus-

cles are preserved in fluid. As to the cartilages alone,

they may be preserved dry if belonging to large animals,

where they have sufficient thickness not to shrivel up

much ; among small ones, on the contrary, they deform

so much in drying that scarcely anything can be recog-

nised. By placing them, however, for some hours in

water, they regain, by swelling out, their primitive form.

AvES.

542. To prepare the lungs and their appendages,

the muscles of the anterior part of the thorax must be

removed in succession from one side, and after having

disarticulated the wing so that it may not be in the

way, some parts of the antero-lateral cell are already

perceived between the deep muscles. Removing next

the corresponding half also of the furcular and coracoid
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bones, this last cavity is widely opened. The air pouches,

placed behind it, are opened successively by removing

one by one from before backwards the sternal ribs, as

well as the corresponding part of the sternum as far as

the keel, to see how the transverse partitions, which

separate these cavities, terminate in the parietes of the

thorax and abdomen.

After having well distinguished the position and

relations of these pouches, all the viscera are to be care-

fully drawn out, so as not to injure the median parti-

tions of the opposite side, which are examined by degrees

as they are disclosed ; and lastly, the entire sternum as

well as the ribs still remaining are removed, so as to

have but the upper half of the thorax, to which the lung

is moulded.

M. Straus-Durckheim does not advise injecting the

bronchi, as the matter would spread everywhere. Nei-

ther can the lung be prepared any better by dessication,

since it cannot be inflated ; and the only method that

can be employed is direct dissection. For this it is suf-

ficient to cut slices in different directions, and place

them in water, when the parenchyma of the viscous swells

out, assumes its natural appearance, and the open bron-

chial tubes are perfectly well seen. The pulmonary

vessels may also be injected previously, with a corroding

mass, and the specimen afterwards dried.

543. Preparations of the two larynges of Birds are

extremely easy, especially those of the interior, which

have only to be disclosed for every part to be found

neatly arranged. As to the upper one, it is examined at

the same time as the tongue and hyoid bone to which it
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belongs ; by removing the mucous membrane from the

mouth, the subjacent cartilages with their muscles are

exposed.

These preparations are preserved in fluid, when they

support muscles, or in the dry state, when there are

only cartilages.

Reptilia.

544. The liings of Reptiles can be very well pre-

served dry, after being distended with air, but they can-

not be injected from the bronchi, which are not pro-

longed into their interior. To give more consistence to

the parietes of the cells the blood vessels may be in-

jected, and the lungs afterwards distended, so that dur-

ing cooling, the vessels may preserve their expansion.

For this, it will be as well to employ size, as it fixes less

rapidly than the greasy injections. The best way,

however, is to preserve the organs by placing them in

fluid.

Chelonia.

545. For preparing the respiratory organs of the

Chelonians, the body, as for all others, must be opened

from below, in the manner indicated in treating of the

muscles. The parts belonging to the anterior extremi-

ties, the heart and its appendages, then the liver, are to

be removed successively, and the lungs are found in the

form of two great sacs placed above the two lobes of the

latter, extending over more than the anterior half of the

earapax.
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The larynx is preserved like that of Birds and

Reptiles.

The respiratory organs generally are preserved by the

same methods as their analogues in the above two

classes.

Pisces.

546. Dissection.—The branchiae of Fishes, as those

of Reptiles, do not require any preparation for being

studied, except injecting their blood vessels, as will be

indicated in the following chapter.

547. Preservation.—The preparations can be most

frequently preserved dry, being sustained by osseous

pieces, which keep them in place. These organs may be

simply dried in the air without any. previous trouble; or,

in order that their lamellae may not curl up, they can be

placed in a jar full of fine and well washed sand, and as

dry as possible, which being dropped between the la-

mellae keeps them properly separated, and prevents

their folding. When the whole is well dried, the sand

is poured out, and the branchiae have preserved their

natural forms.

SECT. II.—Ji2r/CUX^2M.—Annelida.

548. The branchiae of the Annelidans are not suscepti-

ble of any preparation, and are to be dissected with the

integument.

Myriapoda.

549. To see simply the distribution of the tracheae

X
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the body may be either opened from above or the side,

by slitting up the middle of the segments. But as one

part of them, holding to the superior arcs, must necessarily

be removed when the dorsal surface is opened, it is more

convenient to dissect these vessels by the internal pro-

file, when it is wished to see them all in their place. These

vessels, naturally filled with air, derive thence a beautiful

metallic white colour, like mother-o'-pearl, or as if they

were injected with mercury, which produces a very

pretty effect upon the darker ground of the other organs

upon which they run. The trachese have no need there-

fore of being injected previously, when examined in a

fresh animal ; but in those which have remained long in

fluid, the latter penetrating at length the interior of these

vessels, causes the above mentioned silvery colour to

disappear by maceration, and the trachese then present

only a greyish tint, like the other organs, and it is then

very difficult also to trace them in dissections. These

vessels, being generally very fine, it is difficult likewise

to inject them, which may be nevertheless done, either

by the stigmata or the great longitudinal trunks ; but it

rarely succeeds, and when even they are filled with in-

jection, the effect produced is never so good as that pre-

sented by these vessels in their natural state. It is ad-

visable, therefore, never to try this operation upon the

common species, which can be had fresh.

550. The animals, upon which it is wished to study

the tracheae, may be killed by plunging them some mi-

nutes in alcohol, which penetrates only into the largest

tracheal trunks ; but it is better to asphyxiate them in

vapour of ether, or by placing a small drop of ether, or
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of essential rectified oil upon the stigmata. It stops up

at first these apertures : the animal dies at once asphyx-

iated, and the oil evaporating directly afterwards, leaves

the trachess in their natural state. This method can be

very well employed for killing Insects, to be preserved

in collections, without injury.

The preparations of the tracheae cannot be preserved

otherwise than dried and fastened on slips of glass, as

these vessels become indistinct in fluid.

Insecta.

551. The trachese of Insects are prepared exactly

like those of the Myriapods, and can be injected with

as little success, the work, when done, being always

very imperfect. If, therefore, fresh individuals are at

our disposal for this kind of research, it is far better to

try and prepare these vessels empty. M. Straus-Durck-

heim has succeeded in this manner, tracing the tracheae

to ramifications not the ^yo"^^ ^^ ^^ ^^^^ ^^ diameter.

In cutting or tearing the trachese across, the spiral

thread can be easily unrolled by traAion, from between

its two membranous coats, and the latter seen separately.

The most internal, or mucous, may be very easily dis-

closed in the tracheae at their origin, and a portion of it

is met with also upon the cast integuments of larvae,

where it has peeled off with the skin, to which it re-

mains fixed.

Crustacea.

552. The branchiae of Crustaceans, being always

more or less detached, can be very well seen on the en-

X 2



308 RESPIRATORY SYSTEM ARACHNIDA.

tire animal, and require no preparation. As to the ar-

rangement of the blood vessels, forming the arteries and

branchial veins, it will be pointed out in treating of the

circulatory system, and the method of injecting them.

553. For counting the number of rapid pulsations of

the branchiae M. Straus-Durckheim employs a method,

which according to him, has succeeded well. He
makes, with the hand holding a pencil between the

lingers, small vertical movements isochronous with the

pulsations of the branchise, which is sufficiently easy

when practised a little, and at each lowering makes a

small mark upon the paper with the pencil. Counting

afterwards the number of marks made in a minute, he

finds, ordinarily, that there is little difference in a series

of observations made successively upon the same animal.

The branchise can be very well preserved in the dry state,

although they often contract much, and to prevent them

from becoming too much distorted, the sand may be

employed as for the branchiae of Fishes.

The branchial lamellae of the Limuli are scarcely

susceptible of any preparation, except drying, for pre-

serving them. Their pulmonary vein is disclosed by

cutting a small strip of integument from the upper

border of the extremities which support them, and

under this is immediately perceived the vessel alluded to,

passing like these members from without, inwards, and

increasing in calibre.

Arachnida.

554. The lungs of the Araneidans may be examined

either by removing from within the cartilaginous plates.
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which cover the pouches which enclose them, or by re-

moving the hps of the air holes. In opening the bag

the layers of pulmonary lamellse are disclosed at once,

and it is easy to be convinced that each is entirely free,

holding only by its lower border, and that they form so

many small compressed sacs. For this purpose they

have only to be distended by inflation with a bent blow

pipe. In bringing these plates under the microscope, it

will be seen that their texture is slightly horny, much
resembhng that of the tracheae, but without a spiral

thread.

The air tubes of the Holetrans, difficult to perceive,

from the extreme smallness of these animals, should be

prepared like those of Insects.

These respiratory organs may be preserved dry, or in

fluid.

SECT. 111.—MOLLUSCA.—C^vRALOFOBA.

555. To see the branchise, the visceral sac must be

opened longitudinally along its inferior or ventral sur-

face. In other respects they cannot be prepared, ex-

cept by injecting their branchial artery and vein, of

which mention will be made in the following chapter.

After having exposed them by removing the parts of

the sac to which they are unadherent, they are to be

preserved in fluid.

Pteropoda.

556. Their respiratory organs are not susceptible of

any preparation.
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Gasteropoda.

557. Dissection.— The respiratory cavity of the

Pulmonea is opened by sHtting it up from the pneos-

tome, but for this purpose the animal must be quite

dead and extended which is obtained by drowning them

in the manner pointed out in the chapter upon their

muscles, for so long as there remains any irritability, or

least trace of life, it contracts so much, that little can be

seen of their entirely compressed and distorted pul-

monary cavity.

For the Limax and approximate genera, whose shell

is internal, the capsule is at first opened by removing a

part of the mantle, as is pointed out in the paragraph

relating to the preparations of the solid parts of these

animals. The roof of the pulmonary cavity being thus

exposed, it is slit transversely in front of the " gland of

the viscosity," which is distinguished by its yellow

colour, by entering the blunt point of the scissars in at

the pneostome to beyond the median line. The same

membrane is also slit from before backwards, at a little

distance to the right of this line, so as not to injure the

gland. In making these incisions care must be taken

to lift up the layer to be slit, and not to plunge the in-

strument in too deep, for fear of cutting the floor of

this cavity. Turning back then the two strips of the

roof, the principal branches of the pulmonary vessels,

which are remarked from their prominence, will be

easily seen. After having recognised the position of

the pericardium, the upper part of the respiratory

cavity covering it is also slit, so as to see the pulmo-
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nary veins penetrating into the auricle, the largest

trunks of which are placed in the superior wall of the

lung, and the arteries in the circumference. To recog-

nise these vessels well, the whole upper part of the pul-

monary cavity should be removed in one piece, to see

this part from its inferior surface, upon which they

ramify, and the cavity had better still be opened from

below.

558. The empty pulmonary vessels are very w^ell

seen in the Helix, by simply removing the shell, and are

injected from the vena cava, situated in the superior

cushion of the spires of the herniary sac, and in Limax

along the two sides within the parietes of the body.

For this, see the chapter relating to the circulatory

organs.

559. The Pectinibranchiata, Tubulibranchiata and

Scutibranchiata having their branchiae internal, they are

disclosed either by slitting the cavity from its orifice, or

tracing the syphon, or making an opening in its cavity,

after having removed a part of the shell.

As to the species of which the branchiag are more or

less external, such as the Nudibranchiata, Inferobran-

chiata, Heteropoda, Tectibranchiata and Cyclobranchi-

ata, there are no other preparations to be made but

injecting these organs.

560. Preservation.—The respiratory organs of the

Gasteropoda are preserved in fluid, like all their other

soft parts.

Acephala.

561. To expose the branchiae of the Ostracodermata,
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it is sufficient to remove with precaution one of the two

valves by the methods indicated in the chapter upon

their muscles, and turn down towards the back, or re-

move entirely, the corresponding part of the mantle.

The sacs formed by each lamina can be easily inflated, and

after having injected these organs to see the arrange-

ment of their vessels, some fragments can be placed

upon a plate of glass, and immersed in water, when
these laminse extend perfectly on the least traction.

These preparations upon glass should be preserved dry,

after having washed them over with sublimate ; and as

they are extremely delicate, they should be placed be-

tween two glasses fastened one upon the other.

SECT. IV.—RADIATA.—^cniNOBERMATA.

562. The respiratory organ of the Holothuria is prepared

by opening the body throughout its whole length, from

the inferior surface.

The Echini are sawn transversely, as for seeing the

other viscera, and the small orifices of the respiratory

tubes, are disclosed within between the parts of the

lantern, and may be easily injected. But to expose

them completely, the lantern must be removed. In

order to see the external tubes, the spines and small

feet encircling the mouth are to be first removed. In

the Asterias, it is sufficient to cut with the slice a part

of the integument, penetrating with it into the cavity

of the body, and to transport the piece thus detached

under a lens, to examine the small tubes and their in-

ternal orifices.
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CHAPTEE III.

CmCULATOEY SYSTEM.

SECT, h—VERTEBRATA.—Mammalia.

563. Dissection. — For preparing the heart of the

Mammalia, the sternum, as well as the costal cartilages

must be first of all cautiously removed, so as not to

injure the part of the pericardium which corresponds

to the apex of that bone, this bag being often adherent

to it, as is the case in Man. The pericardium being

exposed, its position and relations are examined in situ

in the mediastinum. To see it in detail, it is re-

moved with the heart and lungs, as well as a portion

of the diaphragm, to which the pericardium is adherent

in many animals.

After having divested the pericardium of its sur-

rounding parts, such as the mediastinum and lungs,

preserving however the origins of the great vessels to

which it adheres, it is inflated so as to detach well the

heart which is placed in its interior, by piercing a very

small opening in an oblique direction through its two

coats, so that the external may be at some distance

from the internal orifice. The tube of a blow-pipe is

introduced by this canal, and blown into, and the in-

strument being afterwards withdrawn, the lips of the
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canal come together and prevent the air from getting

out.

This sac being thus distended, the strips of pleura

which cover it and other adherent parts are removed, care

being always taken to handle gently the vascular trunks

which enter or make their exit, and especially to dissect

with care those parts of them with which the mem-
brane of the pericardium is continuous.

When its parts have been studied, and especially its

two coats, this sac is to be slit open to disclose the

heart.

564. After having well recognised the external

parts of the heart, the disposition of the ventricles, that

of the auricles and their appendages, as well as the

origin of the vascular trunks and their continuity with

the pericardium, the heart is taken out with its appen-

dages to be examined more at ease ; each of its four

cavities is opened, by making apertures in their walls

sufficiently large to see their interior.

In the right auricle an incision should be made in

the largest portion of its width, parallel with, and at a

little distance from the free border which rests upon the

ventricle. In the middle of this slit should be made a

second nearly perpendicular thereto, and prolonged to

the upper part of the auricle. By separating then the

two triangular strips, the whole interior of this cavity

may be easily seen, without injuring any important

part.

The left auricle is to be proceeded with in the same

manner.

565 As to the ventricles, many anatomists recom-
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mend removing a triangular piece of their parietes, cir-

cumscribed by three cuts ; in other words, by following

upon that of the right side a line parallel with the groove

which marks out the interventricular septum; the second

along the free border of the auricle ; and the third by

joining the extremities of the two first, this surface of

the ventricle not presenting any vessel to be meddled

with ; but there is a risk of cutting the fleshy columns

which support the auriculo-ventricular valves ; and M.
Straus-Durckheim prefers opening this ventricle, like its

auricle, by two incisions in the form of a T, of which

one is parallel to the upper border, and at a little dis-

tance from it ; and the second perpendicular to the first,

that is, carried from its middle to the apex of the heart.

After having made the first incision, by separating the

lips, it may be very well seen what is the position of the

valves and carnese columnse, so as not to injure them by

the second. This being also done, the two strips are

folded down so as to open the cavity widely, and, if

proper, some parts of the parietes may be afterwards

removed. The left ventricle will be opened in exactly

the same manner.

566. Apertures may be also made in the vessels pro-

vided with valves, that is to say, in the aorta, venae cavse,

and others, if occasion requires. These openings should

be made as is judged most convenient, after having exa-

mined the parts through those made in the four great

cavities. But it will be always best to make at first a

small opening at a little distance from the orifice of the

vessel, and to enlarge it as it is found convenient.

567. As to the structure of the heart, it is difiicult to
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recognise it well on this organ in a fresh state, and it

must for that purpose undergo a previous preparation,

by which its fibres become more distinct. By soaking it

in alcohol for some weeks, its fibres acquire more consis-

tence, become harder, more apparent, but do not sepa-

rate. By boiling it, on the other hand, for half an hour,

as proposed by Stenon, and practised long before by

Massa upon the tongue, the cellular tissue which unites

the fibres dissolves, and the latter separate at the same

time that they become dryer, and therefore very distinct.

To dissect afterwards this viscous Winslow recommends

detaching in Man the two auricles, and cutting the aorta

and pulmonary artery an inch distant from their origin,

and after having boiled them, to make two circular inci-

sions a line in depth, one at the base, another at the

apex, and a third longitudinal ; by following the inter-

ventricular groove, to raise next the external fibres,

which serve as envelopes to the heart, and separate the

two ventricles, taking care to handle the fibres of the

right gently, as their surface is very thin and easily

torn. In this manner the two ventricles will be sepa-

rated.

Other anatomists have since employed the prepara-

tion of Massa and Stenon, but by pursuing different me-

thods of dissection. It has been also recommended to

boil the heart in vinegar, or let it soak for some months

in a mixture of alcohol and essence of turpentine, or bet-

ter still, in weak nitric acid ; but all these means have

no advantage over boiling in ordinary water, which is at

once easier and less expensive.

568. To study the tissue of the arteries, as large a
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trunk as possible is to be chosen, and slit longitudinally,

to be spread out on a plate of cork and fastened with

pins, and dissected under water, by removing succes-

sively its different coats. As to the serous, it is exa-

mined from the internal surface, so as to recognise how
it forms projections and valves.

Preparations of the tissue of the veins are made abso-

lutely like those of arteries. But to see better the inter-

nal valves, one of these vessels is removed for the ex-

tent of about four to eight inches, leaving the ends with

all their branches ; the blood contained in them is well

cleaned out, by washing them several times in warm
water, and when the latter passes out limpid the cut

branches are tied, and the trunk itself at the end nearest

the heart ; the vessel is inflated from the other extre-

mity, closed by a hgature, and dried. In opening it

afterwards longitudinally, the valves are seen in their

places and distended.

569. The arteries not having valves to prevent the

masses from running in every direction, may be easily

injected by the branches, but large trunks are chosen in

preference, from which the liquid spreads more equally

throughout. Ordinary injections are made most fre-

quently from the aorta, or the heart, in which case the jet

follows the same direction as the blood. The heart is first

of all disclosed by removing the portion of the sternum

beneath which it is situated, for which purpose a strong

block is placed transversely under the back of the sub-

ject, if a human body, and a longitudinal incision is

made in the integuments upon either side the sternum,

from the articulation of the second rib to that of the
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sixth, the portion of skin included in these incisions

being removed, so as to denude the sternum. The ribs,

of which the heads are exposed, are then cut near to

their sternal articulations, so as not to wound the inter-

nal mammary arteries placed beneath the costal carti-

lages, and the corresponding portion of sternum is

afterwards removed by cutting it transversely by means

of the bone nippers (f 70). The pericardium being dis-

closed, it is opened, and the aorta and pulmonary artery

found side by side, and distinguished at once by the

thickness of their parietes. These two vessels are sepa-

rated with the finger, so that the aorta can be encircled

with a double ligature : a longitudinal incision is made

in this vessel, as near as possible to its exit from the

heart, and the pipe of the injecting apparatus intro-

duced, which is fixed by means of two circular bands

receiving between them the rim surrounding it, so that

the vessel does not slip off.

When the subject is a small animal, the heart of

which can be easily ligatured, it is better to inject from

the apex of the left ventricle, directing the canula to-

wards the aortic orifice, so as not to get the auriculo-

ventricular valves before it, which might turn the jet

and make it pass into the auricle, and the ligatures are

then placed upon the middle of the heart itself.

570. Injections from the ventricle or the transverse

arch of the aorta have this great inconvenience, that

the chest must be opened largely, and so great a number

of vessels consequently cut that it is impossible to tie

them all, so that on the one hand the injection is lost,

and on the other the heart and its principal trunks gene-
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rally found injured or destroyed. It is better therefore

to make injections from the large arteries, those which

can be easiest reached, as the carotids, brachial, crural,

and even smaller trunks, as the caudal.

The common carotids being placed deep between

the muscles, it is difficult enough to get at them in ani-

mals with a short neck, the head and shoulders being

in the way, but it is more easy in long necked species.

The lateral part of the cervical region is denuded, the

muscles separated one from the other without cutting,

but simply by displacing ; and the artery is found in

front of the transverse apophyses of the vertebrse, be-

tween the sterno-mastoid and sterno-hyoid muscles

within, and partly behind the jugular vein, which care

must be taken not to open, lest the blood spread out

over the preparation. The artery is disclosed by sepa-

rating with hooks the first of the two muscles ju^t

named, and a small slit made longitudinally in the ves-

sel to insert the canula of the syringe or pump, which is

directed as may be wished, either towards the head or

the thorax.

For injecting a vessel, an aperture, as has been said,

must be contrived in the form of a slit, and not by cut-

ting transversely, because it is more easy then to intro-

duce the canula.

571. When it is wished to inject from the brachial

artery, the subject must be laid upon its back, the pec-

toral muscles cut in the hollow of the axilla, but with

great precaution, so as not to injure the numerous ves-

sels found in this region. By this means the arm can

be easily separated to get at the artery which is found
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between the tendon of the pectoraHs major, and that of

the latissimus dorsi and teres major united, and lower

down, behind the internal border of the biceps. But

the better plan for injecting the arterial system from its

branches, is to do it from the crural trunks at their exit

from the pelvis, where they are nearly sub-cutaneous.

The thighs of the subject are separated for this purpose,

kept so, and Poupart's ligament disclosed, taking care

also not to wound the vessels of this region. The artery

is met with behind the sartorius, passing from beneath

the femoral arch downwards towards the angle formed

by that muscle with the adductor longus and the inter-

nal rectus ; the fat is removed which fills that space,

and the vessel being exposed is injected.

572. Among those Mammalia which have a rather

large tail, the caudal artery situated beneath in the me-

dian line, and being the true continuation of the trunk

of the aorta, may be also injected. By this the whole

arterial system is filled, but as this vessel is generally

w^eak, the subject must be well heated, so that the mass

should not set too quickly, and that it may have time to

enter into the minutest parts.

When a partial injection of an organ is wanted, it is

natural to place the canula in the vessel which directly

conducts the blood, and tie all the branches by which

the matter could escape, or if this is too difficult, a

canula is placed in the trunk which furnishes this

branch, and ligatures placed upon all the others which

arise from it, so as not to fill uselessly several other

parts.

573. An organ after having been isolated, (which is
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necessary to be done in certain cases, according to the

end proposed) may be thus injected, but it is much

better, if possible, to inject it in situ, since in that

way very few of the vessels by which the matter could

escape are opened, while at the same time the neigh-

bouring parts surrounding that on which it is wished

more particularly to operate, preserve it from the extra-

vasations which usually take place upon the surface, and

which always soil the parts, and have to be removed with

the useless organs which they cover.

574. The arteries being generally empty in dead

animals, the injecting mass experiences no resistance

beyond what the gases contained in these vessels oppose

to it, and penetrates easily into the smallest arteries, by

pushing these gases into the venous radicles ; but, as the

mass itself varies according to the end proposed, it can-

not always traverse very delicate vessels. For careful in-

jections, therefore, two different matters are employed, of

which the first introduced is the most fluid, more divisi-

ble therefore, and capable of penetrating into the finest

vessels ; it should form nearly a third or a quarter of the

total mass, while the second, composed of grosser and less

divisible substances, forms the remainder, and filling the

large trunks pushes the first before it.

575. The injection of the veins is much more diffi-

cult than that of the arteries ; on the one hand, from

the numerous valves which intersect their cavity not al-

lowing the mass to be introduced from the large trunks,

so that it is impossible to fill a body completely at once,

and push the matter to the venous radicles, but one is

forced to direct the injection from the branches towards
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the trunks, which leaves empty all the portion placed

beyond the point of operation. It happens, however,

that by reason of the numerous anastomoses which

exist between these vessels, other parts of the body are

still found filled, even when the injection has only been

impelled into a single branch.

The second difficulty which the veins present, arises

from their walls not being so resisting as those of the

arteries, and rupturing more readily ; hence great pre-

cautions are required on the part of the operator, and

especially a very delicate hand to moderate, according

as is required, the force employed.

Lastly, a third difficulty proceeds from the presence

of blood which gorges them in the dead body, and op-

poses the entrance of the injection. For filling these

vessels, the body must be submitted to some previous

preparation.

576. A subject destined for injection should be as

young as possible, the walls of the vessels being gene-

rally more resisting and elastic than in the old, and the

capillaries of the arteries also more developed. As to

the veins, it is true their calibre is larger in aged sub-

jects, but this advantage is trifling in comparison with

the inconvenience resulting from the feebleness of the

coats of these vessels, which rupture more easily than

in young subjects, whereby the operation either fails en-

tirely, or the preparation is, at least, injured.

A rather lean individual should be chosen in pre-

ference, because the fat, by masking the vessels, forms

an obstacle to our progress in the dissection, and

it is precisely about the vessels, and especially the
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veins, that these adipose masses more particularly accu-

mulate.

The subject ought to have been dead only a short

time, for putrefaction rapidly alters the texture of the

vessels, especially of the veins, which then rupture more

readily. The best plan is to have the body of an ani-

mal recently killed, the blood of which still warm and

fluid, may be readily evacuated by placing the body

in a bath of a temperature from 100° to 106° Fahr., in

which it is left, on the one hand, until the blood may
have partly trickled out by the veins which have been

opened for this purpose, and on the other, until the

body, stiff at first, has become supple ; the injecting

matter then runs more easily than during the contrac-

tion, which commonly follows death, and when the

vessels are more or less compressed.

577. Individuals kept a long time in preserving

fluid, such as alcohol, which condenses the tissues, can

serve but little for fine injections, the vessels being nar-

row and gorged with fluid and coagulated blood. It

may still, however, be tried to inject the arteries by

choosing the mass according to the fluid the sub-

ject has remained in. If it is alcohol, resinous matters

may be injected, but albumen or milk will succeed

better.

The arteries being generally empty after death can

be injected to their finest subdivisions, without previous

preparation. But it is not so with the veins, in which

all the blood accumulates, and from which they must be

at least partly freed. It is recommended for this pur-

pose to place the body in a bath of a temperature from

y2
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100° to 106° Fahr., which is nearly the heat of the

blood in the living state, to leave it there about five

or six hours, and even more for a body of the size of a

Man, so that it does not get cool, and the injection may
not fix too quickly, and may penetrate more readily into

the capillaries.

When, on the contrary, a body is only to be injected

for the study of the principal vessels it is useless to take

this care, the mass always going sufficiently far to fill

the vessels designated by special names in elementary

works on anatomy.

578. For fine injections of the veins, it Mall be es-

pecially advantageous for the subject to have been dead

but a short time, and that the blood be warm and liquid,

so that in placing the body in a bath, this fluid may be

more easily evacuated. But in opening only the veins

by which it is wished to inject, it is evident that it can

be only the distal branches which empty themselves,

M^hilst those to be injected remain gorged with their

blood, and to make it run out the trunks must neces-

sarily be opened, by which it can do so, and especially

the right side of the heart ; the trickling out will be

then produced, either by the slow contraction exercised

by different organs upon all sides of the vessels, or by

pressing the parts gently, and at several intervals, pro-

ceeding from the extremities towards the heart. These

compressions, acting upon the veins, push the blood

forward.

Warm water may also be tried for injecting the

veins with, to drive out the blood, and is also recom-

mended because the clots formed by the latter oppose
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an obstacle to the mass, and the water may be driven

out afterwards by blowing in air.

The best plan of emptying the veins, at least partly,

is to cause the animal to die of hemorrhage, by opening

the principal veins from which it is wished to inject.

579. The veins of Man are generally injected by the

superficial lateral internal and external branches of the

foot and hand, or by the temporal frontal veins, &c.

580. It is necessary also to place a pipe in the superior

and inferior mesenteric veins, splenic, coronary, stomachic,

and cystic, branches of the vena porta, forming a system

apart from the rest, which are distributed to the liver

like arteries. For that purpose, a crucial incision, from

three to four inches long in Man, is made in the parietes

of the abdomen, in the part which corresponds beneath

the umbilicus to the abdominal aponeurosis, on the side

of the rectus muscle. Through this opening a loop of

intestines should be drawn out with its corresponding

portion of mesentery, and the largest venous branch

chosen from upon the latter, to introduce the canula.

581. When the subject has remained some hours in

the warm bath, and the veins are disgorged, the injec-

tion of the arteries is first commenced with. If the

operation succeeds well, that is to say, fills the capilla-

ries, it is seldom that the mass does not pass in many
places into the radicles of the veins, and frequently even

into their branches, which so anastomose, that being filled

thus by injection from the arteries, their arrangement

may be easily studied. If, on the contrary, the veins

are first injected, it often happens that the blood, col-

lected in the radicles by the communication of their
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numerous inosculating branches, opposes the entrance

afterwards of the injection coming from the arteries.

As soon as the arteries are filled, the injection of

the veins is proceeded with, commencing in the vena

porta. This operation being done, the subject is left to

rest for some minutes, to be placed afterwards in a cold

bath, or in the open air, if its temperature is Ioav, so as

to fix rapidly the matter injected. By thus leaving it a

few minutes before cooling, the mass, still liquid, pene-

trates of itself further into the capillaries, after the effort

of the syringe has ceased ; this being the effect of the

elasticity of all the parts, and especially of the vessels,

which having been forcibly distended, recover them-

selves, and propel the injected matter further on.

The body being gently heated throughout, the matter

injected remains, if not liquid, at least of less consistence,

as long as the body does not cool, and a risk is therefore

run of seeing it pour out of the vessels, when cut, and

soil the preparation, if the dissection of the subject be

too soon commenced ; and it had better be deferred until

the injection has set.

582. Different instruments are used for injecting

the vessels, which have been described in the first part

of this work. They may be distinguished into two

kinds ; those which serve for coarse or common injec-

tions, and those for small or fine injections. It remains

to show here their application.

583. The instrument most generally used in the

schools is the syringe of Swammerdam (^21), the canula

of which is fitted on the body of the pump, either by

friction or by a bayonet catch.
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The former method, as being the easiest, and causing

less derangement in the vessels, is to be preferred.

When the subject is ready for injection, the canula

is placed in the vessel upon which it is wished to operate,

and which has been disclosed. For this purpose, a lon-

gitudinal incision is made in the vessel, sufficient to en-

able us to introduce the canula, but the vessel must

not be cut crossways, especially if a vein, the walls of

which would collapse ; the arteries, on the contrary, the

aperture remaining open, may be cut transversely, if its

position requires it, since in this case the canula may be

more easily introduced, but by making a longitudinal

opening, there is always greater facility in fixing it.

Before introducing the canula, three waxed threads are

passed under large trunks, and two only beneath the

small. One of the lip's of the slit is then laid hold of

with forceps, is drawn slightly aside, and the tube

of the canula introduced by the other hand into it, and

pushed in to the extent of a few lines beyond its point.

By means of a probe, it is ascertained that it is in the

cavity of the vessel, and not between its two coats ; and

this being clearly made out, the vessel is attached to the

canula by means of two ligatures, if there are three

groves on the canula, receiving the circular ridge be-

tween them, and if only two, a single ligature is placed

behind the latter. The third serves to tie the vessel

after injection.

The canulas being often very heavy, and dragging

the vessels considerably, it is well to support them by a

string attached to a hook.

584. This part of the instrument being introduced,
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the operation is proceeded with, the substance to be

used having been prepared beforehand, as indicated in

Chap. Ill, Sect. 1, upon injecting compositions. The

quantity employed, varying according to the size of the

animal, cannot be pointed out for each ; but it is suffi-

cient to know it in an approximative manner, since more

ought always to be prepared than is absolutely neces-

sary. According to Rudolphi, there may be reckoned

about 28 to 30 lbs. of blood in a human body of ordi-

nary size, ^ths of which are arterial, and -|ths venous,

which would be very nearly 14 pints, 6 of the former and

8 of the latter ; but in ordinary injections there must be

less matter than this, the substances composing them

not penetrating generally into the capillary vessels, and

in fact scarcely 3 pints of substance are reckoned for the

arteries, and 2|- only for the veins, the blood filling a

great part of the latter, and their small branches being

but rarely injected ; but a good third more than is

M'anted ought always to be prepared, so as to be ready

at hand.

In ordinary injections well made, the above quan-

tities may be much exceeded.

585. The quantity required for animals of different

sizes, can be deduced from that already indicated for

Man, by taking an average of the measure by the weight

of the body, which should be to that of the matter in-

jected as 17 to 1 for the arteries, and 21 to 1 for the veins.

The substance used should be heated some degrees

above its perfect fluidity, so as not to set too quickly,

and it should not be too hot for fear of crisping the ves-

vels, which happens, however, only where much wax or
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resin enters into the substance, or fusible metal; matters

which hardly melt below a temperature of 186° Fahr. for

wax, 150° Fahr. for fusible metal, and about 250° Fahr.

for common resins.

586. The injecting apparatus should be previously-

heated to the same degree, or even a little more, so as

not to cool too much during the operation. If the sy-

ringe is employed, it is to be filled with injection by

drawing up the piston, and having been satisfied that it

contains no air, the canula is mounted upon it, and at-

tached by two strings, and the piston pushed down with

an equable force and without shocks, as in that case the

canula would easily cause a rupture of the vessel. At-

tention should be also v/ell paid towards moderating the

force employed upon the first resistance, which is often

due to coagulated matter stopping up the canula, or in

the large vessels. In the first case, if the resistance

continues, the syringe may be removed, and the canula

cleaned by means of a probe, and the injection after-

wards proceeded with ; but when the obstacle is found

in the vessels, it is more difficult to remedy ; it can be

removed sometimes by pushing in the probe as far as

possible. This resistance occurs also more particularly

towards the end of the operation, when the matter, after

having filled the large branches, experiences some diffi-

culty in penetrating the small ones, and especially the

capillaries. It is then necessary to stop a moment, to

allow the greatly distended vessels time to recover them-

selves by their elasticity, and push the matter filling

them further on. By then slightly pressing down the

piston, it may be ascertained whether the injection has
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been carried further on beyond the point of resistance,

and if the latter recommences, it must be stopped again,

until it remains constant, when the operation is ended.

By a little practice the force required to be used is easily

learnt. It can be readily seen from external appearances

if the injection has succeeded, especially in the arteries,

when the fine membranes, such as the mucous mem-
brane of the lips and the conjunctiva, are coloured, and

when the skin is generally distended and assumes the

tint of the matter filling its superficial capillaries.

587. In injecting the veins, care should be particu-

larly taken not to use too much force, as these vessels,

being far more extensible than the arteries, dilate con-

siderably, and take on a larger diameter than during

life, which might lead persons, seeing them thus swol-

len, to think it was their true calibre.

If a sudden diminution in the resistance is felt during

the operation, it indicates that some vessel of consi-

derable size is ruptured, and the process must be stopped

forthwith, if the accident cannot be remedied at once by

placing a ligature on the point of laceration, for other-

wise all the matter pushed into the vessels would escape

by this opening. If that happens towards the begin-

ning of the operation, in a somewhat large vessel

upon which a ligature cannot be applied, the injection

has failed.

588. The method above indicated is that generally

employed, and is sufficient for coarse injections, but it

is liable to sundry inconveniences, which it is as well to

guard against in using fine injections. By adapting, di-

rectly, the body of the syringe to the canula, it is im-
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possible to keep the instrument immoveable by the

hands only, and the least trembling or shock, by being

transmitted from the canula to the vessel may cause

ruptures. In employing however an intermediate flex-

ible tube, as described in treating of injecting instru-

ments (^ 26) ; not only are these slight displacements

of the syringe which can hardly be avoided unfelt, but

this tube having more or less length, admits of the end of

the syringe being rested either against the edge of the

trough in which the subject is placed, or against the

table, or any other resisting body, which completely

destroys the vibration. This flexible tube should be

previously heated and screwed upon the syringe after it

has been filled, and before adjusting the other extremity

to the canula, some of the injection should be driven out

to expel the air.

589. Another improvement which has been added to

the syringe, has been, to place it in an apparatus already

described (H 27), where the piston is pushed down by

means of a handle. It is true, that the piston of the or-

dinary syringe can be pushed with more force and regu-

larity, but the former is not really necessary except in

injecting animals of considerable size, such as horses

and Oocen, and would, on the contrary, be injurious to

smaller subjects. It has besides another disadvantage,

that of not allowing of any resistance to the passage of

the injection, either from obstacles retarding its flow, or

from friction in penetrating the small vessels, being

felt with sufiicient ease, and the operator is also not well

apprised of the diminution in resistance caused by the

rupture of a vessel, while with the pump he feels the least
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difficulty in the flow of the mass, and can at the same

time continue the operation without interruption.

590. For injecting very delicate vessels upon tolerably

large bodies, the most convenient apparatus is the injec-

tory ("^ 33), and, as its pipes being very fine should re-

main fixed to the flexible tube, they are to be inserted in

the vessels only when just about to be used, and in case of

the latter being too delicate to be slit for introducing such

small canulas, they should be of very fine drawn glass, or

better still of steel, so that they may enter by simple

puncture, and in an oblique direction, without transfix-

ing the vessel ; and being once within its cavit}^, they

are held firm in one hand, whilst the other opens the

cock, which gives exit to the injection. If the vessel has

been transpierced, or the tube inadvertently placed upon

one side of it, it is instantly perceived by the mass

formed in front of the small tube.

A method of making very penetrating injections,

and recommended by Romberg, but which is seldom

employed, except for very small objects, consists in

placing the latter under the pneumatic bell (If 40), after

having opened the large trunks for the air contained in

them to escape, for which purpose the right side of the

heart, especially where the veins terminate, should be

opened. A tube, traversing the sides of the jar, and

dipping into the injection, is then placed in the vessel,

and as the vacuum forms, so by degrees the mass is

drawn up, and fills the smallest arteries.

591. This receiver may be also used for emptying

the arteries of large animals before injection, so that the

gas may offer no impediment to the course of the injec-
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tion. But this operation demands necessarily some pre-

cautions, without which it cannot succeed; and it is

perhaps a want of such care that has caused this method

to be abandoned, as it is not at all used, although it is

to be met with in certain works upon anatomy.

In placing the body beneath the receiver, and making

the vacuum, it is plain, first, that if the blood be coagu-

lated it will not escape, and hence the first condition

requisite for success is, that the animal be very recently

dead, so that this fluid may not have set ; secondly, the

vacuum must be made very cautiously, i.e., slowly, so as

not to produce a too rapid dilatation of the vessels, and

disengagement of gas, which would cause their rupture

in several places ; thirdly, in restoring the air too rapidly

to the receiver, from not being able to get soon enough

into the vessels, it compresses the body, and occasions

numerous injuries.

Before making the vacuum in the vessels, an endea-

vour should be made to empty the veins, by pushing air

from the arteries by means of a pump.

592. The lymphatics, from their close resemblance

to the veins in structure, and the numerous valves

which intersect them, are also injected by the branches ;

but as they are very delicate and pale in colour, from the

nearly watery conditions of their contained lymph, they

are with difficulty perceived at first, until with a little

attention they are gradually recognised as greyish,

slightly transparent, and nodose tracts, which are ren-

dered more distinct by immersing the specimen some

hours in warm water, which is absorbed, and distends

them.
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The surface of bodies upon which it is wished to in-

ject the lymphatics, by drying rapidly destroys all trace

of these vessels, but they may be caused to re-appear by

moistening the parts. When they are empty, they

are with difficulty detected ; and this often happens

from the effect of pressure in handling the parts, but by

pushing a little of the contained lymph, either with the

handle of a scalpel, or simply with the finger, they

become raised afresh from the surface, and sufficiently

distinct.

593. To be convinced of the communication of the

lymphatics with the veins, Fohmann recommends empty-

ing those that traverse the lymphatic glands, upon an

animal recently dead, and examining them some time

after, when the lymph will be found to have poured out.

This experiment is particularly easy upon the mesenteric

glands of an animal that has died during the full process

of digestion; the chyliferous tubes being then gorged

with the product of their absorption, pour it in abun-

dance into the veins empty of blood.

The subjects most fitted for the study of the lym-

phatic vessels are young, rather lean than fat, and of

lymphatic temperament, the skin of such being very

moveable from a great quantity of subjacent cellular

tissue, and somewhat infiltrated. In these subjects the

lymphatics are usually large, and moveable in them-

selves ; but those in whom the principal seat of disease

has been in their glands are less suited for this kind of

research, these organs being generally engorged, and

not allowing the injection to pass.

Many anatomists^ and among others Cruikshank,
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propose first injecting the blood vessels of the body with

wax, and then macerating it some days in water. By

this method, he says, the lymphatics are at once dis-

tinguished, and the gas which is developed in them

renders them more apparent.

594. The best mode of studying the chyliferous

tubes of the Mammalia is to kill an individual while

digestion is in full activity—in other words, about three

hours after a meal. The chyle being then absorbed in

very great quantity fills the vessels, which become very

apparent from the white and more or less opaque co-

lour of this fluid, especially in the carniverous tribes.

Milk may be given those species to drink, who will

readil}'' take it, an hour or two before killing them ; and

the chyliferous vessels are found gorged with it, either

from the liquid penetrating without alteration, or the

chyle separating more readily.

595. It ought to be remarked here, that in opening a

body immediately after death the air irritates the chyle

vessels to such a degree as to cause them to contract, and

the injection thus disappears at the end of some minutes.

If, on the other hand, the body is cold, this does not

take place, but it should cool rapidly, or otherwise the

chyle has time to pour out.

596. According to Mascagni, very beautiful injec-

tions of the lymphatics of the serous and mucous mem-
branes may be obtained by filling the cavities which they

line with some finely coloured liquid, as they absorb this

even after death, and becoming filled exhibit a perfect

injection, such as could not be obtained hy any other

means. The fluid should be water coloured with archel.
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or oil of sweet almonds coloured by alkanette, or simply

milk.

597. As to the actual dissection of the blood vessels,

or the methods of tracing out and unravelling their

course, they are performed as for most other organs by

the aid of a scalpel and scissars, taking care to keep the

membranous or cellular parts well moistened, so as to

remain infiltrated, and yield readily to slight traction,

without disturbing the vessel itself, which must be left

adherent by one of its surfaces to an organ which will

support it. In order not to cut the vessels inadvertently,

their course is to be first explored with the end of the

finger, so as to be distinguished through the parenchyma

of organs, and the latter afterwards removed with the

scalpel, care being taken never to turn the cutting edge

towards the vessel more than is required. When ves-

sels are being traced in membranes or a mass of cellular

tissue, it is better to use only the scissars or the point

of the scalpel, with which to scrape these parts in fol-

lowing out their direction. In this way the fibres of

these membranes or of the cellular tissue are torn, with-

out injuring the vessels.

When, however, a great resistance is met with either

from very strong fibres or an accumulation of cellular

tissue, it is overcome either by cutting with the scissars

or gliding the blade of the scalpel along the vessel, with

its back turned somewhat obliquely tow^ards it, or the

resisting object is seized with the forceps, drawn aside,

and the blade of the scalpel being passed fiat along the

vessel, the latter is freed.

598. Blood vessels can be also dissected without
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previous injection, especially when it is only wished to

see the principal trunks. The arteries, whose coats are

thick and resisting, are easily traced ; but in regard to

the veins, being filled with blood, a risk is run of wound-

ing them every instant, and so causing a diffusion of

this fluid, which soils every thing to a considerable, ex-

tent. To prevent this inconvenience, care must be taken

to push the blood gradually with the fingers towards the

large trunks as one proceeds, and the valves hinder its

return.

599. Preservation.—Preparations of the vessels

are distinguished, as in other systems, into those of the

tissues, and those of the entire organs. The first should

be always preserved in fluid. As to the second, which

comprehend principally injected specimens, they can be

kept dried, which is usually the best plan, especially if

they contain no other soft parts than vessels* or when
they are simple membranes, sometimes so fine that the

most delicate capillaries are perfectly seen. When the

layers are somewhat thick, and the small injected vessels

are not very well distinguished, a slight transparency

can be given them by varnishing, after having washed

them over with corrosive sublimate. The thick speci-

mens, on the contrary, supporting other organs, such as

muscles, &c., should be preserved in fluid.

AvEs.

600. Dissection. — Preparations of the heart of

Birds are made precisely in the same manner as those of

the Mammalia, and it need merely be remarked, that
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being placed more in advance in the thoracic cavity, the

anterior part of the sternum and the coracoid bone must

be removed on the side from which it is intended to

operate, in order to get at it, which is very difficult,

from the great thickness of the pectoral muscles. It is

not advisable, therefore, to inject the arteries from the

aorta, as, in reaching it, a great part of the body is des-

troyed, and a considerable number of vessels necessarily

cut, all of which it would be impossible to tie, and it had

better be injected by the large arterial trunks

.

601. The same instruments and methods of injection

are used as for the Mammalia. The arterial system is

injected either by the common carotids, the femoral or

one of the arteries of the wing ; but as the first of these

vessels offer the most facility from their position, they

are to be selected in preference.

602. As regards the lymphatic vessels, which differ

not only in their structure and arrangement from those

of the Mammalia, but are more difficult also to detect,

especially in the skin, from the feathers presenting an

obstacle in that situation, it may be as well to transcribe

the methods indicated by Alex. Lauth :

—

•' The lymphatic system of Birds being like that of

Man and the other Mammalia, more developed in young

subjects, these are to be chosen when they have first at-

tained their perfect developement.

•• The method I employ for rendering the lymphatics

visible, has been pointed out by Dr. Fohmann at Heidel-

berg. It consists in removing the feathers from the

upper part of the extremities of the bird immediately

after death, and encircling them sufficiently tight with
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a ligature, so as to arrest the progress of the lymph,

without, however, cutting the flesh. A similar ligature

is placed on the lower part of the neck, which being

done, the bird is plucked, for the sake of convenience,

during the operation. I should remark, that the wing-

feathers must be carefully drawn out, so as not to bring

away at the same time the portions of skin which sur-

round them. In order not to soil the preparation, it

will be besides convenient to singe those birds which are

covered, as the Palmipedes for example, with a thick

down. Immediately afterwards our researches into the

lymphatics are commenced.
" In warm weather the bird must be covered with a

wet cloth to stop the drying of the parts, which would

render the injection impracticable. Being laid upon its

back, a small portion of the dermis which covers the

toes and metatarsus is removed, leaving the subjacent

cellular tissue. If the bird is old, it is convenient to

remove previously the epidermic scales, which, being

very thick, impart much rigidity to the skin. The lym-

phatic vessels, coming from the lateral parts of the toes

and natatory membrane (in the Palmipedes), form in this

situation a small plexus, into some of the vessels of

which it will be easy to introduce the tube, they being

recognised at once by their transparency and want of

colour. Considering their frequent anastomoses and

few valves, it will be sufficient to inject three or four on

the anterior part of the foot ; the subject is then turned,

and as much done upon the posterior surface. In the

Palmipedes and Grallae, the finding of the lymphatics in

the foot offers no difficulty; but it is not the same in other

z 2
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orders of birds, where the lymphatics are so delicate, that

they appear like the finest lines. These vessels can

most frequently be injected only on the tarsus where

they accompany blood vessels, which will guide the ana-

tomist in his researches. This difference of size in the

lymphatics of the feet in different orders of birds, ap-

pears to me to depend upon the difference of the ele-

ment in which they live, the Palmipedal and Grallatorial

tribes having the lower extremities most frequently im-

mersed in water. An argument in favour of the absorb-

ing power of lymphatics might be deduced from this

circumstance, if that doctrine were not already demon-

strated by a multitude of more direct facts.

** The lymphatics of the wings follow, still more ex-

actly than those of the foot, the course of the blood

vessels, and may therefore be found by investigating the

latter. I have usually introduced a tube into a vessel

situated in the internal part of the inferior border of the

tip of the wing.

" The lymphatics of the neck are so voluminous and

easy to see, that the practised eye distinguishes them at

once. A rather considerable plexus is in fact found on

all the lateral and superior parts of the neck. I would

observe in regard to these lymphatics, that I have most

frequently found them filled with a reddish or deep red

lymph. It appears to me probable, that this colour pro-

ceeds from recently absorbed blood, the birds I have in-

jected being killed by division of the carotids. On
casting a glance at the lymphatics of the neck, it would

seem very easy to inject them, and yet it is not so. A
cellular tissue, with very widely separated meshes, unites



CIRCULATORY SYSTEM AVES. 341

them SO feebly to neighbouring parts, that they offer

no resistance to tlie introduction of the tube. It is con-

sequently essential to expose the vessel perfectly be-

fore making any incision, and this being done, the ves-

sel is held from above by the forceps, after which there

is no difficulty in the introduction of the tube.

" For injecting the lacteals, a bird is killed three or

four hours after a full meal. These vessels (which, from

the want of colour in the chyle, would be better called

lymphatics of the intestines) are injected sometimes- in

a retrograde course from those of the extremities. If

this is not done, or it is wished to limit ourselves to their

injection only, after an opening has been made in the

abdomen, a ligature is put round the mesenteric vessels,

as near as possible to their origin. The progress of the

chyle is arrested, and the lacteals, which continue to

absorb some time after death, are soon found gorged

with that fluid. Hewson, who pointed out this method,

practised it upon living birds, which is, according to my
experience, useless. To prevent the speedy desiccation

of the parts contained in the ventral cavity, care must

be taken to sprinkle them frequently with water.

.

" After having filled the lymphatic vessels, different co-

loured injections are driven into the veins and arteries

;

and if it is wished to preserve the specimen in spirits of

wine, the injection of the lymphatics has only to be re-

sumed to fill anew the vessels which might be empty

during the operation, and the vessel is at once tied to

prevent the exit of the mercury after injection/'

603. Preservation.—Preparations of the circula-

tory system, or of its parts in Birds, are preserved like
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those of the Mammalia, either in the fluid or in the dry-

state.

Reptilia.

604. Dissection. — The preliminary preparations

for the dissection of the circulatory system of Reptiles,

such as injections, are always the same as for the Mam-
malia, but the dissection properly so called, by which

these organs are disclosed, varies considerably, according

to the order to which the subject belongs.

The Saurians resembling much the Mammalia in the

general form of their body, will be treated like them in

this respect. But it may be remarked, that these ani-

mals having usually a very short neck, it would be diffi-

cult to inject them from the carotids, these vessels being

placed too deeply for the extent of the space. The
arteries must be injected by the large trunks, at their

extremities, or by the caudal artery, which forming the

continuation of the aorta, will permit the injected sub-

stance to spread more equally throughout.

605. For the veins, the caudal branches, those of

the four extremities, and if possible, the branches of

the head may be injected.

This preliminary operation being ended, the body is

opened, as in the Mammalia, by removing the sternum

and the lower half of the ribs. As concerns the Ophi-

dians, preparations will be made as for the Saurians,

only the vessels will have to be injected at the two ends

of the body.

As to the Batrachians, the Urodelse can be injected

like the Saurians, and the Anoura by previously raising
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the skin, by a longitudinal incision made along the

sides and the external surface of the extremities, leav-

ing it simply attached down the back, upon the front of

the chest, in the groins and axillse, where the nutritious

vessels pass into it. The animal being thus almost en-

tirely flayed, without any further injury than cutting

the integument, which contains but very delicate vessels,

some branches of the crural or humeral, arteries will be

detected for injection.

606. To disclose the lymphatic hearts of Coluber

flavescens and natrix, Panizza recommends raising a cer-

tain extent of skin upon the sides of the body, at a point

opposite to the anus below. A mass of muscles is per-

ceived, divided principally into three parts, one of which,

longitudinal and superficial, is placed above the trans-

verse apophyses of the vertebrae. In separating this

mass of muscles, by pulling it from above, two others,

also longitudinal, are disclosed beneath it, and in the

space between them, the vesicle or lymphatic heart,

placed between the two branches of the caudal vein and

the first hsemapophyses of the vertebrae.

Preparations of the heart and vessels are preserved

like those of the Mammalia and birds.

Chelonia,

607. Dissection.—The heart being placed towards

the middle of the carapax above the posterior extremity of

the coracoid bones, it is impossible to disclose it without

opening the carapax widely, and consequently cutting a

number of vessels by which the injection would escape



344 CIRCULATORY SYSTEM CHELONIA.

if propelled into the aorta, and the operation fail. It is

better, therefore, to inject from the peripheral vessels

either the carotid, which is detected along the inferior

part of the neck ; the cervical placed along the nape of

the neck between the superficial muscles ; the superior

caudal artery running by the side of the spinous pro-

cesses, or even from the extremities by the external

brachial artery in front, which crosses the humerus ob-

liquely outwards, and behind, by the anterior tibial

placed in front, between the two bones of the leg.

608. For the veins, different branches, as usual,

will be selected upon the neck, limbs, and tail. They

may be injected by the jugular, placed along the supra-

lateral part of the neck, by the ante-brachial, which

passes obliquely from below upwards, on the outer side

of the fore-arm ; by the peroneal vein, situated along

the antero- external surface of the leg, or even by the

caudal vein, placed along the supra-lateral part of the

tail, above the transverse apophyses.

609. Proceeding then to the actual dissection, the

body is opened from below, as has been pointed out

before, in the paragraph upon the preparation of the

muscles. The vessels which pass to the muscles of the

parietes of the thorax, those of the pectoral muscles,

and of the shoulder will be first studied. Removing

afterwards these organs, as well as the coracoid bones,

the heart and its appendages will be found beneath.

The body being once opened, the lymphatics are

also to be examined, and especially their reservoirs.
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Pisces.

610. Dissection.—To disclose the heart of an or-

dinary fish, such as a Cyprinus, Perca, Esox, <^c., the

body is opened below, in the fore part of the abdominal

cavity, in the angle formed between the branchiee.

After having raised with the integument the muscular

mass, which forms the lower part of this angular pro-

jection of the belly, the thoracic cavity is found at a

little depth, enclosing the pericardium, the arrangement

and adherence of which to the rudimentary diaphragm

is noted, so that it may be taken out afterwards with

this latter. The ventricle is opened from below, so as

not to injure the surrounding parts of the auriculo-ven-

tricular opening placed obliquely in front and above.

The auricle and bulb of the branchial artery should also

be opened below.

Injections may be made by the aorta, and for this

purpose the abdominal cavity is opened along the medi-

an line, and the viscera separated, when the above vessel

and posterior vena cava are found along the vertebral

column, but they must be injected in two different di-

rections. The branchial vessels can also be injected

from.

SECT. ll.—ARTICULATA.—A^^Ej.iBA.

611. Dissection. — In opening the body of a red-

blooded Annelidan, the vessels are perfectly well seen,

and very prettily displayed by their colour upon the

white ground of other organs. But this beautiful sight
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soon disappears, by the blood pouring out in a few mi-

nutes from the numerous vessels that have necessarily-

been opened. The parietes of these vessels are besides

so feeble that it is extremely difficult to inject them, it

being very troublesome to introduce the pipe of the in-

jecting apparatus, and especially to fix it. It is advisa-

ble for injecting these vessels, to open the body towards

its posterior part, either along the back for the superior

vessel, or along the belly for the inferior; excepting in

large species, preparations made of these organs can

seldom be preserved,

Crustacea.

612. Dissection.—The heart being placed immedi-

ately beneath the shell of the dorsal part of the body,

to which the auricle adheres throughout the whole

length, great precaution must be taken in opening the

subject not to injure the ventricle. For this purpose, a

small layer of integument is removed by a very oblique

cut with the slice, along the middle of the back, by cut-

ting from before backwards. By acting in this direction

the segments are stretched one from the other, and no-

thing is displaced or huddled together, whilst in cutting

from behind forwards, the segment operated upon re-

turns into the one preceding it, relaxes, shakes, and

destroys by its movements, the auricle placed beneath*

The latter being thus opened within a very narrow

space, is probed to see how and in what direction tEe

aperture may be enlarged without cutting its attach-

ments. After having well examined its general dispo-
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sition and extent, its lateral attachments are cut to see

the arteries passing from it, and the dissection then

pursued according to the end proposed.

613. When the parts are too small to admit of the

back of the animal being thus opened without injury to

the heart, the latter may be more readily reached by open-

ing the animal from below, but to effect this, it is very

evident that the other organs must be removed, which

should hardly be done until they have been dissected

;

and it is besides seldom then that the heart is in a suf-

ficiently good state to be studied, on account of the

numerous movements which the different portions of

integument adjoining it have experienced, so that it is

as well to determine upon seeing the heart only, and to

sacrifice all the rest. In this last case a horizontal cut

is made from before backwards, through all that part of

the body where this organ is, and sufficiently deep, so

that the cutting instrument passes for a certain distance

beneath the auricle without injuring it.

614. Another method which M. Straus-Durckheim

most frequently employs is, slitting the body longitudi-

nally in a vertical direction, at a sufficient distance from

the median line so as not to reach the auricle, and this

is afterwards opened from the side.

In some very small Crustacea, which have the body

transparent enough to enable the internal organs to be

distinguished, the heart is often seen to beat isochro-

nously, and with great rapidity. For counting the

number of pulsations in a given time, the method al-

ready indicated for counting the rapid pulsations of the

branchiae is used (H 553).
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The best way of injecting the arteries, is to place

the pipe in the posterior artery if there is one, or even

into the posterior extremity of the ventricle itself which

is easily exposed, or even into the branchial vessels.

These organs being very often free upon the side, or at

least easily exposed, the principal pedicle of one of them

has merely to be cut transversely, to find at once the

two branchial vessels, in which the pipe is conveniently

fixed. By placing it in the branchial arteries, the venous

system is injected.

615. Another method has been pointed out which

succeeds very well in large living species, and which

consists in simply placing the pipe in the branchial

veins, and injecting the fluid by very slight pressure, for

which nothing is better fitted than the small injectory

(^ 33). The substance injected runs slowly and with-

out effort in the ventricle, which propels it of itself into

the arteries like blood, and there it fixes. It is probably

useless to remark here, that the injecting mass should

be neither warm nor irritating, so as to occasion any

disturbance in the circulation. The best kinds will be

gelatine, white of egg, and milk.

Preparations of the vessels of the Crustacea can be

only preserved in fluid.

Arachnida.

616. The arteries of large subjects may be very well

injected, but even without this preparation, they may be

followed out to their smallest ramifications. By adopt-

ing this more troublesome method, no risk at least is
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run of spoiling the preparation by a failure in the injec-

tion, as very often happens in individuals kept a long

time in fluid. M. Straus-Durckheim has in this man-

ner traced out the arteries of Mygale Blondii to ramifi-

cations finer than hairs.

Preparations are preserved in fluid.

Myriapoda.

617. For preparing the heart of the articulated ani-

mals with tracheae, the body must be opened from the

ventral surface, all the viscera removed successively, and

the ventricle left with its ligaments in place, attached to

the upper rings of the body. The superior segments of

the abdomen can also be removed in an entire piece,

by cutting with scissars along the lateral membranous

bands, and removing together all the upper part of the

abdomen ; but care must be taken to cut with the mi-

crotome all the branches of tracheae which pass upon the

heart or its alse, as the strain exercised by these vessels

upon them would, if not rupture, undoubtedly displace

them. In afterwards fixing the anatomical specimen

upon a piece of cork, or in endeavouring to open the

heart, care must be also taken not to draw it out length-

ways, which would produce extension of this organ,

and cause not only its inflected folds, but the auriculo-

ventricular valves to disappear. This vessel being very

narrow is very difficult to open. To proceed, however,

with more chance of success, the specimen must be first

fixed on a plate of cork, placing pins enough to prevent

movement in any part : the heart is found attached to
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the superior arcs of the abdomen by its lateral liga-

ments.

Making then with the microtome a small notch in

the ventricle in its inferior median line, one of the points

of that instrument is very obliquely introduced from

behind forwards in the direction of its valves, so as to

slit up this organ by degrees throughout its whole

length. Separating gently the two lips of the slit the ar-

rangement of the valves is already perceived, and by cut-

ting the lateral parts these valves can be freed so as to see

them from each of their surfaces. If, on the contrary,

it is wished to see them from the side, the longitudinal

slit just spoken of is made, and then a second incision

carried opposite to it along the superior median line.

As a guide in doing this, the first slit may be held

slightly open by catching its edges with very small

hooks with weights attached (U 63).

The heart once slit throughout its whole length is

cut on a level with the lateral ligaments, so as to place

each half upon its side.. All these operations upon a

body so small and delicate demand much care, and es-

pecially great steadiness of hand. Upon large Scolo-

pendrae, such as Scolopendra Morsitans, injections might

however be tried with some success, their heart being a

vessel of sufficiently large size (nearly -^th. of an inch in

diameter in the largest species of Scolopendra), and by

this means better than by direct dissection, and without

any preparation, it could be determined how the three

arteries terminate in the head. These researches are to

be recommended to persons living in warm climates,

who have these animals fresh at their disposal; those
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made here being necessarily performed upon individuals

preserved in alcohol, and scarcely fitted to serve for

injections.

These preparations cannot be preserved, being too

small.

Insecta.

618. The heart of Insects is prepared like that of

the Myriapoda, and like theirs also cannot be preserved.

SECT. III.—ATOjLLUSCJ.—Cephalopoda.

619. Dissection.—To expose the three hearts of the

Octopus, Loligo, &c., the body must be opened as for

most of the other organs along the median ventral line.

The sac is first slit, and the abdominal cavity next

opened between the bases of the two branchiae and from

above, where the two venous hearts are placed, with the

aortic in the middle, but a little higher. The aorta being

placed towards the dorsal region is found disguised by

the viscera, which must be removed to see its principal

branches.

The common vena cava and its branches are seen by
opening the visceral cavity.

After having opened the body in the neighbour-

hood of the hearts, they may be readily injected. The
injection of the two systems of vessels can be done

either from the arteries or the veins of the feet, which

are easily discovered by cutting one of these members
transversely. The injection can be also performed by
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the branchial vessels, after having opened the sac along

the ventral surface.

The preparations are preserved in fluid, which ought

not to be too astringent.

Gasteropoda.

620. Dissection.—To prepare the heart and prin-

cipal blood vessels of the Gasteropoda, it is evident that,

from their position not being the same throughout the

whole class, the point at which they are to be disclosed

must be previously known in each genus to be examined.

In Limax, a crucial incision is first made in the middle

of the adherent part of the mantle ; by this the capsule

of the shell is opened, the roof of which forms in its

circumference the floor of the pulmonary cavity, and in

its middle, and a little to the left, the gland of the vis-

cosity and its excretory canal, which are readily distin-

guished by their yellow colour ; in front of this organ is

found the pericardium under the form of a white ve-

sicle.

When it is wished to inject the arteries this sac is

cautiously opened, and a small incision made in the au-

ricle, to introduce the jet of the blowpipe, which is suf-

ficient here, and which is pushed to the middle of the

ventricle, so that a ligature may be placed between the

two parts of the heart, and the matter driven in.

To inject the aorta separately, the body is opened in

the posterior third of the dorsal region, by making also

a crucial incision, by which the abdominal cavity is

opened, where the stomach is found on the right, and
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on the left side the ovary and the liver. By separating

the first of these last two organs, the posterior aorta is

seen at the bottom.

621. The veins are more difficult to inject, although

of much larger diameter. The principal trunks of the

vense cavse being placed in the lateral parietes of the

body are so compressed in contracted specimens, that

the injection penetrates their branches with difficulty.

Subjects must be therefore selected which are well ex-

tended, and left to macerate twenty-four hours in water

to soften them ;
yet even then it rarely or in part only

succeeds. If a very penetrating mass is employed, such

as coloured alcohol, it passes very often into the tissues,

and nothing can be distinguished. M. Straus-Durck-

heim employs ordinarily for these injections gelatine, or

the fatty mass (U 97), which penetrates very well into

the small vessels but not into the tissue, and does not

at all soil the preparations.

For injecting the venae cavse of Limax, a small slip of

the lateral parietes of the body is removed with a sharp

slice at a nearly equal distance from the border of the

foot and the median dorsal line, taking care not to pene-

trate the visceral cavity. The vena cava is opened by

this cut, and is in Limax rufus more than -^th. inch

wide.

622. The heart of Helix being placed in the left pos-

terior part of the shell, above the origin of the tail, and by

the side of the gland of the viscosity, is easily disclosed

from the colour of the latter, as in Limax, The herni-

ary sac is first cut, and then the pericardium placed be-

neath ; and in order to handle the subject more easily,
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the shell is only removed at the spot where the heart is

found.

623. To see the heart of Doris, a transverse incision

must be made in front of the circle of the branchiae,

and a longitudinal one aftervi^ards along the middle of

the back, in proceeding from which, and turning back the

two slips, the heart is found beneath in its pericardium,

as well as the aorta, which passes forwards, and is per-

ceived penetrating between the lobes of the liver. In

isolating the auricle from the fleshy parts covering it,

the trunks of the branchial veins, which come to it from

the branchiae, are readily distinguished.

624. In the Halyotis, the shell must be first de-

tached from the body. For this purpose the animal is

lifted up by holding the shell horizontally, and the blade

of a scalpel being introduced quite flat between this

and the mantle, the large muscle by which the body is

fixed is cut through. Behind, and to the left of this

muscle, is the pericardium, which is to be opened. The

branchial cavity, placed to the left of this muscle, may
be also opened at first, and the rectum traced from

before backwards, leading to the heart, which it tra-

verses.

In the same way as for all other preparations to be

made upon the spiral shelled Gasteropods, uncontracted

individuals must be used if possible. The air-breathing

species are obtained well extended by the means indi-

cated in speaking of the preparation of their muscles.

The others contract but little, with the exception of the

Pectinibrachiata, which it is almost impossible to get

entirely extended.
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ACEPHALA.

625. Dissection.—The heart of the Ostracoder-

mous Acephala is easily discovered, as it occupies regu-

larly the dorsal region of the body, between the back

and mantle, where the pericardium is easily remarked as

a large apparently empty vesicle, which being usually

wider than is necessary for containing the heart, may be

easily cut into, and the latter exposed. Among the

Anodons and Cardiaci it is found readily in the middle

of the back. In Mytilus, it is situated in front of the

dorsal cavity, between the mass of the liver and ^e
ovaries, and between the insertions into the valves of

the first retractor muscles of the body. In Lima, it is

seen above the posterior closing muscle. As to injec-

tions, they may be made either from the artery which

runs over the border of the mantle, or from the ventri-

cle, where it is nevertheless difficult to reach it without

destroying anything, on account of the proximity of the

valve in which the body remains fixed, and a part of

which must be broken.

SECT. III.—i2^Z)/^r^.—ECHINODERMATA.

626. Dissection.—The two vascular systems of the

Echinoderms may be injected, although the parietes of

the vessels are usually very feeble. To see this system

in Holothuria the body should be opened along the

inferior median line, and the three folds of the intes-

A A 2
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tinal canal separated by removing them to the right.

The first two folds of this last being bound down in the

middle of the body by a very large anastomotic branch

of the aorta, this loop is to be cut through in the middle,

and used for injecting the arteries from. For the prin-

cipal veins, a pipe is placed in one of the large venous

trunks, placed towards the posterior part of the body,

between the first two folds of intestine and the right

cselobranchia, and the injection passing with difficulty in

the coelobranchial arteries, it is convenient to inject their

trunk separately. This is situated, as has been seen,

between the right cselobranchia and the second fold of

intestine running along the latter. It may be more

easily injected by its anterior extremity, where the in-

testine is folded a second time.

The vessels of the second system, may be injected by

the large vesicle placed on the side of the stomach, and

from which the liquid flows with facility into the small

feet. The liquid naturally contained in these organs

may be made to pass alternately, to and fro, from the

vesicle into the feet, and vice versa.

627. To inject the Echinus, the body is opened as

usual, by sawing the shell horizontally into two halves,

taking care not to injure the alimentary canal. The
heart will be easily found at the side of the oesophagus,

but as it is impossible to separate the two halves of the

shell, without rupturing either the aortic artery or

branchial vein, both being very delicate, the one which

is not torn may be as well injected from the heart, and

the artery, if crushed, would be better injected by taking

it nearly in the middle of the length of the alimentary
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canal, where it is larger than towards its extremities.

The vena cava and the branchial arteries, placed in the

mesentery, should be likewise injected in the middle of

the length of the intestinal canal.

As to the vascular system appended to the feet it is

injected by the five longitudinal trunks, opened by the

section of the shell, and which are found in the middle

of the double series of small feet.

628. The first vascular system of Asterias, or the

intestinal system, may be injected from the heart. For

this purpose a longitudinal incision through the integu-

ment is made in the middle part of the body, from the

plate visible externally corresponding to the exit of the

sand canal, which is situated in the same falciform

ligament as the heart. This incision should be directed

from this plate downwards, towards the retreating angle

of two corresponding rays, and be crossed by a second

towards the middle ; so that the four flaps may be

turned back. In this preliminary operation care must

be taken not to wound the heart, and to open skilfully

the falciform ligament to expose it. After having exa-

mined and become acquainted with the form and struc-

ture of this organ, it should be cut across transversely,

and the two ends injected ; the venous system by the

upper, the arterial by the lower. This injection being

done, the entire body is opened, as for seeing the intes-

tinal canal, and the ten branches of the circular vein

traced along the mesoccecum.

As to the arteries they may be prepared in the same

way, proceeding from above downwards, so as to reach

at length the circular vessel made by the aorta round
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the oesophagus, and to trace its branches, which pass

along the under surface of the coecum.

The vessels of the vascular system, appended to the

feet should be injected, according to M. Tiedemann, by

opening the body from above ; the whole digestive appa-

ratus being removed by cutting the oesophagus as near

as possible to the stomach, by which means the circular

canal, which surrounds the mouth is disclosed, as well

as the live packets of vesicles, the pedicles of which

open into this canal. In injecting by one of these

pedicles this whole system of vessels is easily filled.

M. Tiedemann injected these vessels also very well from

the small feet, without opening the body.

629. To see the sand canal, the body is opened from

above, as is pointed out in speaking of the digestive

apparatus, and after having removed the stomach, the

canal will be seen in the form of a large tortuous vessel

descending along the falciform ligament which corres-

ponds to the external plate.

AcALEPHA.

630. The vessels of the Acalephse can be scarcely

studied, but by injecting them from the mouth, and

that by means of a gelatinous mass, which fixing slowly

has time to penetrate into all the ramifications of the

chyliferous vessels.

These preparations should be preserved in a fluid

which does not too much contract the parts.



359

CHAPTEE XIII.

NEEVOUS SYSTEM.

SECT. 1.—VERTUBRATA.—Mammalia.

631. Dissection.—The whole central portion of the

cerebro-spinal system could hardly be prepared upon a

single subject, as it would be too large and delicate not

to be injured by the numerous movements, as well as

force, required to be used for dividing the bones, which

so closely encase the brain and spinal cord, and it had

better therefore be prepared separately, by detaching the

former between the cranium and the atlas, and the

latter lower down, betwixt the cervical vertebrae, when

it is wished simply to study the central organs of the

nervous system alone. If, on the contrary, a preserved

preparation for a collection is the object proposed, audit

is wished with that view to have the whole together,

not only then is no attempt made to study the parts,

which should be already known, but the time necessary

for making such a preparation, and full means and

appliances must be quite at our disposal.

632. To prepare the brain and its appendages upon

the same subject, which is a very difficult task, the head

is to be separated, as has been said, between the second

and third cervical vertebrse; and being placed with the

face downwards upon a prop, and kept there by hooks and
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weights, arranged in different directions, the upper part

of the cranium is denuded of its coverings to a level in

front with the orbits, and behind with the occipital pro-

tuberance, and two longitudinal incisions each in the

human subject, about half an inch from the median line,

made in it with a saw and prolonged on the one hand to

fths of an inch from the orbit, and on the other to just

above the occipital protuberance. These lines with the

saw should be very cautiously made, and in several parts,

so that the instrument may not penetrate into the cavity

of the skull, and lacerate the membranes of the brain

;

and it is best to leave at certain intervals, or throughout

their entire length, places not completely cut through,

the separation of which may be completed either by

means of the bone nippers (^ 70), or the lever and

chisel (H 66, 67).

633. Before finishing the separation of the bones, a

horizontal cut is made very carefully to pass by the ex-

tremities of the first. In this way a large lateral piece,

formed partly by the frontal, squamous, parietal, and

occipital bones, is circumscribed, and removed by break-

ing it into small bits with the bone-nippers or lever. As

the cranium is penetrated by degrees the dura mater is

detached from the edges, and small slits made here and

there in that membrane to allow the admission of air into

the cavity, so that in removing the lateral piece, when

separated by tearing it, the substance of the brain may

not be dragged along with it ; or the dura mater can be

slit up all along the line of section, before removing the

piece.

The above method is nearly that ordinarily employed.
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but it is long and difficult ; and it is much more conve-

nient to remove the lateral pieces in small fragments.

For this purpose a small opening is made simply in the

supra-lateral part of the cranium, with a trephine or some

other instrument, and sufficiently large to introduce the

blades of the bone-nippers, and w^ith this implement

alone pieces are cut out of the cranium all around it,

until the aperture is of the required size and form

;

for the lateral piece thus destroyed is of no use after-

wards.

634. After having removed the side portions, the

falx will be seen i?i situ along the osseous strip which

has been left, and these large openings admit also of the

remaining lateral parts of the parietal and occipital

bones being cut upon a level with the lateral groove to

which the tentorium is attached, and which will be

easily seen by lifting up the posterior lobes of the ce-

rebrum.

The bony attachment of the falx is to be then re-

moved, after detaching the latter, either by tearing away

its adhesions, or cutting it with a scalpel upon a level

with the bone. The lateral and anterior attachments of

the tentorium are also to be cut.

635. Before turning out the brain from its case the

arachnoid membrane should be examined upon its upper

surface, to see how it passes freely over the convolutions

as a very thin web, without dipping between them. It

may be detached by making a very small incision, and

blowing air between it and the pia mater placed beneath.

Before disturbing the brain by separating its posterior

lobes, the orifice of the arachnoid canal placed beneath
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the posterior geniculation of the corpus callosum will be

seen.

To raise the brain from the lower half of the cavity

on which it rests, the lateral parts of the cranium are

first removed by the bone-nippers, upon a level with the

petrous bone, and the falx cut at its anterior extremity

where it is attached to the crista galli. The skull is

then inclined sideways, the brain being supported, so

that by its own weight it is detached from the base of

the cranium. The tentorium is cut along its lateral

attachments, and the head turned still more sideways,

to disclose the origins of the different nerves which are

cut through at the point where they traverse the dura

mater, so that ends of sufficient length remain attached

to the brain. This viscus being entirely detached is

removed by turning it out upside down upon a folded

napkin.

636. If the brain is soft, it had better be placed for

some days in a fluid which hardens its substance, such

as nitric acid diluted with water, alcohol, or an aqueous

solution of alum.

637. The upper part of the brain having been exa-

mined before it was turned out of the cranium, there

remain only the inferior parts to be seen.

The longitudinal and transverse sinuses of the dura

mater having been examined before the removal of the

brain, those placed upon its under surface, such as the

lower part of the lateral sinuses, the inferior and supe-

rior petrosal have yet to be studied, and diiFerent strips

of dura mater to be detached, to examine their texture.

638. If it is wished to make a specisd preparation of
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the dura mater, either for simple study or for preserva-

tion, it may be commenced, according to the method

indicated by M. Lauth, by clearing the head externally

of every part which is not to be preserved. A crucial

incision likewise is made upon the vertex, so as to turn

back the four strips of integument, as in the preceding

preparation. A single longitudinal cut is then made in

the cranium with a saw, about half an inch from the

median line, and carried from the frontal eminence of

one side to fths of an inch above the occipital promi-

nence, exactly as before mentioned; but as the brain

itself is not to be kept, the bones are slit quite through.

A second horizontal cut upon the same side, and per-

pendicular to the first, should cross the extremities of

the latter, and the upper border of the squamous bone.

Having thus removed an entire segment of the cranium

there will be a large opening, by which at first mecha-

nically, and then by washing in plenty of water, the

whole cerebral and cerebellar substance may be removed,

leaving all the parts of the dura mater in situ and quite

complete upon the unopened side of the cranium ; and

thus the different folds of this fibrous membrane, as

well as the sinuses which it forms, can be readily traced

and studied.

639. If the preparation is wished to be preserved,

water of about 120 degrees of temperature must be first

of all injected with moderate force into the different

vessels that are found open, to drive out the blood they

contain, if they have not been injected beforehand with

some solid substance. The specimen is then placed for

some days in a bath of the same temperature, which i^
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allowed to cool in summer, but which must be kept in a

warm place in the winter, so as to clear all the small

vessels of the blood still within them. The specimen

is then taken out and dried in the air, and when well

dried is moistened slightly all over, by pouring upon it

a little acoholic solution of corrosive sublimate to pre-

serve it from insects, and dried again for the last time.

If it is not intended to have the dura mater complete

upon one side, a segment of the cranium may be re-

moved from both.

640. The arachnoid may be studied on the upper sur-

face of the brain. After the corresponding bones of the

cranium have been removed, it is detached in the inter-

vals of the circumvolutions, where it is separated from

the subjacent pia mater by blowing air through a blow

pipe between them, and then removing strips for exami-

nation of their structure under the microscope. This

membrane is particularly easy to distinguish around the

pituitary gland, where it is free. It can also be de-

tached, but with more trouble, by maceration from the

part where it is reflected upon the dura matter, or some-

times may be mechanically separated without any pre-

vious preparation.

As to the pia mater it can be easily removed from

off the brain, to examine it in particular, and see how it

is inflected between the convolutions.

641. The choroid plexuses ought to be traced from

the exterior into the interior of the ventricles by the

orifices of the latter, and first through the middle ven-

tricle placed beneath the posterior geniculation of the

corpus callosum, where its prolongation takes the name
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of velum interpositum. Another penetrates into the

fourth ventricle by its sinus. These plexuses should

be examined also in opening the ventricles.

642. To see the under surface of the brain, it may-

be simply turned over upon a cushion formed of a folded

cloth, and better still, by placing it in the upper part of

the cranium, if it has been preserved. The arachnoid

and pia mater are first removed in strips that they may
not bind down the parts to be displaced, but attention

must be paid to cut the last of these membranes care-

fully, in situations where it dips into the' ventricles, so

as not to disturb the choroid plexuses. Care should

also be taken not to use force in stripping off the layers

which adhere to the nervous trunks, for fear of tearing

the latter, which happens easily with the more delicate

of them. This preparation being made, each part of the

encephalon is examined by lifting up and displacing the

adjoining parts only as much as is necessary for distin-

guishing them externally. The brain being studied

thus in its superficies, is replaced upon its base, and the

actual dissection proceeded with.

643. The lateral ventricles, as being higher than the

others, are first to be opened, and for this purpose the

upper part of the hemisphere is removed by the slice in

horizontal layers, thin at first, of from ^th to fths of an

inch in thickness, so as to see how the grey substance is

contorted around and into the convolutions of the white,

and to what degree of depth.

In approaching the level of the corpus callosum,

care must be taken not to open inadvertently the lateral

ventricles, the roof of which is shghtly elevated above
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the level of that layer, by giving a convex direction up-

wards to the last and always cautiously made cut, slic-

ing the cerebral substance off from within outwards.

This being done, a slight incision is made in the middle

of their surface, nearer however to the median plane, so

that by separating the edges of the former, these ven-

tricles may be penetrated from above ; when once open,

the layers of the hemispheres are removed continu-

ously, but in their external parts only, so as to leave

uninjured the corpus callosum. In making these succes-

sive incisions, and especially the last, an attempt should

be made to recognize the fibrous structure of the brain,

and the arrangement of these fibres, which pass from

the corpus callosum into the hemispheres.

By continuing to remove these layers, the lateral

ventricles are more and more opened upon the sides,

which admits of our perceiving the disposition of their

cornua, and the cerebral masses which project into these

cavities. The choroid plexuses, and communication

with the middle ventricle, placed beneath the arch of the

corpora geniculata, are seen.

Raising next the corpus callosum from the sides,

and drawing gently up the middle portion which re-

mains, the small vertical nervous partition separating

the arch, the septum lucidum, is very well distinguished.

By cutting this horizontally, the third ventricle is

opened, the cavity of which conducts to the fourth.

In thus removing the brain, by more or less deep

layers, the relations of the grey and white substances

composing it are observed throughout.

644. The brain having been reversed, the origins of
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the nerves, which all quit it from below, are to be studied,

by trying to follow out their roots through the substance

of this organ to the parts whence they arise.

645. As to the methods for preparing the spinal mar-

row, nothing particular need be said, care only being

taken in opening the vertebral canal, not to injure the

membranes, and for this purpose it is convenient to cut

the laminae of the vertebrae, with the osteotome or bone-

nippers.

To see the fibrous structure of the spinal cord, its

upper part has only, according to M. Burdach, to be

drawn aside, and its fibres are distinctly shown, especi-

ally by soaking them some time in alcohol. Swammer-

dam had remarked its fibrous structure, and steeped it,

merely, some time in warm, and afterwards in cold water.

646. The parts of the nervous system which offer the

most difficulties for preparation, are the nerves and gang-

lions of the head, which have often to be traced within

the bones. It is even impossible to make a good pre-

paration of these organs without knowing their arrange-

ment beforehand, as the least inadvertency, or the fee-

blest effort, when too hurried, for breaking the bones is

sufficient to tear these delicate nervous threads that are

required to be preserved, and this readily happens, from

the shocks produced, in cutting the bones to disengage

them.

But these inconveniences may be partly avoided by

macerating the entire head in a bath of dilute nitric acid,

which has the property of softening the bones, by dis-

solving their calcareous parts, and imparting more con-

sistance, on the contrary, to the nervous substance.
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After the head has remained soaie days in this men-

struum, the bones, reduced to the cartilaginous state,

can be cut with the greatest facihty.

When the anatomical specimen is very voluminous,

as in Man, this preparation becomes difficult, and the

maceration must last a longer time. This method can,

besides, be hardly employed when it is wished to make

a rapid study of the cephalic nerves, but only when it

is intended to investigate their arrangement carefully,

and without being pressed for time.

647. The nerves of the body, being generally placed

between the soft parts, are simply traced with the scal-

pel and scissars.

The sympathetic system is very difficult to prepare in

its cephalic portion, where its ganglions, generally very

small, are placed deeply between the numerous organs

of that part of the body. They are to be studied at the

same time as the neighbouring cephalic nerves, and by

the same methods. In the cervical regions the work is

not so troublesome. The posterior muscles of the neck

are first removed, as the scaleni, sterno and cleido-

mastoidei, which are cut through at their sternal at-

tachment, to be turned upwards.

The jaw is removed with the temporal and masseter

muscles, without disarranging those attached either to

the tongue, hyoid, or pharynx. The cephalic cornua

of the OS hyoides are next cut close to the head, so as

to turn them forwards and disclose the pharynx. In

this manner the deep layer of the muscles of the neck

is speedily reached, between which the three cervical

ganglions of the sympathetic will be readily discovered.
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The preparation of the sympathetic nerve is far

easier in the thorax as regards its principal ganglia.

There the clavicle, sternum, and half the ribs, with

all the muscles attached, have only to be removed, and

the lung turned over to the opposite side, and kept in

that position by hooks, to expose the whole series of

thoracic ganglia, but these, though already visible, are

still covered by the pleura, which must be raised with

care.

After having examined the branches given off upon

the lungs and heart, the latter are removed so as not to

be in the way, without however disarranging the aorta

and oesophagus, and so injuring the numerous plexuses

and nerves there met with.

For the abdominal portion, the diaphragm in like

manner is to be cut across at a point equal to about

half the length of the ribs, and the abdominal parietes

to the crest of the ilium. The liver is removed piece-

meal, leaving in its place the part only adjoining the

transverse fissure where all the vessels and nerves are

situated.

As to the pelvic portion of the sympathetic, it is

necessary to remove the posterior extremity with the

bones of the pelvis upon one side, the sacrum being left

carefully in its place.

648. For the other Mammalia, as presenting but

unessential differences in their nervous system, com-

pared with that of Man, the same methods will be pur-

sued, only if the subject is small, it is advisable to place

it first for five or six days in a saturated solution of

alum, to soften the bones and harden the nerves.
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649. Preservation.—Preparations of the cerebral

and nervous substances can be preserved only in a liquid

which hardens their contexture, and the best for this is

alcohol.

AVES.

650. The methods for preparing and preserving the

nervous system of Birds are exactly the same as for the

Mammalia.

As the bones of the cranium are very thin, and

filled with a large-celled diploe, they admit of being easily

cut with a knife, so that the brain is readily uncovered

and turned out of its containing case. The inferior

bones have not sufficient consistence to prove trouble-

some in dissection, and the less so from the head of

birds being generally small.

It is advisable also to macerate them for twenty-four

hours in dilute nitric acid, or, if there is time for it, for

eight or fifteen days in a saturated aqueous solution of

alum.

Reptilia.

65 1 . Preparations of the nervous system of Reptiles

are made as for the Mammalia.

Chelonia.

652. The brain, like that of Reptiles, is prepared by

opening the cranium from above, and for the spinal

marrow, the vertebral canal from its dorsal surface ; but

for the nerves of the body, which are nearly all enclosed

in the carapax, this should be opened first sideways to
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see the origins of the nerves as well as the sympathetic,

and the subject proceeded with as pointed out in speak-

ing of the preparation of the muscles.

The preparations are preserved like all the soft parts

of these animals, i. e. in fluid.

Pisces.

653. To prepare the encephalon of Fishes, the skull

is opened from above, which is very easy, especially in

those whose bones are not hard, as in the Chondroptery-

gians, where the cartilaginous bones may be easily cut

with a scalpel.

The nerves can be most easily prepared from the

side, particularly in very flat bodied species, and with a

little attention and by dissecting the subject under

water, which prevents the debris of the organs from

sticking together, their direction, which is most fre-

quently different from that of the muscular fibres with

which they might be confounded, is well enough re-

cognised.

The internal nerves, as the sympathetic, should be

prepared upon a subject, all the ribs of which have

been removed upon one side,^

SECT. II.—Ji^r/CUX^TJ.—Annelida.

654. Dissection.—To prepare the nervous system of

the Annelides, the body must be opened along the dor-

sal line, care being taken not to push the instrument too

far into the head, where the brain situated above the

E B 2
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commencement of the oesophagus may be easily injured ;

the nerves given off from it require to be cautiously

dissected, being placed very near the integument. As

to the series of ganglia of the ventral cord, they will be

disclosed without difficulty, as soon as the intestinal

canal has been removed, which is cut in front at a small

distance behind the brain.

The inferior ganglia, and the nerves which they pro-

duce, are applied against the ventral integuments, and

are very easily distinguished.

After having cut all the nervous trunks of the brain,

as far as possible from the latter, and the oesophagus at

its most anterior extremity, the surrounding organs are

detached en masse, and being turned back, the nerves

given off from the inferior ganglia are in like manner

successively cut, so that the whole central part of the

cephalo-rachidian system is reached by degrees, and thus

removed in a single piece, which is then brought under

a lens, placing it in water upon a blackened piece of

cork ; the different parts are moved about a little, so as

to detach them from each other, and should be replaced

quite in their natural position. The fragments of or-

gans which adhere to the brain and ventral cord are

then removed bit by bit, and the end of the oesophagus

the last, so that it may be seen how the nervous collar

embraces it. The preparation being made, the form

and arrangement of the ganglia, as well as the origin of

the nerves, is to be well examined.

As to the preservation of the anatomical specimen,

it is very difficult from the nervous matter coagulating,

contracting, and becoming distorted in the liquid.
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Myriapoda.

655. Dissection.—The preparation of the nervous

system of Myriapods is proceeded with nearly in the

same way as for that of the Annelida. The body is

opened from the back by the same methods as regards

the Chilopoda, the integuments of which are flexible

enough to be easily folded back upon the sides and then

removed. In the head only, where a little more diffi-

culty is experienced, a little of the border of the epicra-

nial piece, as well as its accessory segment may be cut

circularly, so as to detach the superior plate all in one

piece ; but it is better to open the head from above by

making a small opening with the slice, detaching the

piece, and afterwards enlarging this opening by cutting

the epicranium into fragments, and not turning back the

two halves, which could not be done without the risk of

rupturing every thing within the head. In removing the

upper plate of the cranium, care must be taken not to

detach the part which supports the eyes, nor that upon

which the antennae are implanted, but to leave these

organs in their place. The body once opened, is pro-

ceeded with as for the Annelides.

The body of the Myriapods being very flexible be-

tween the segments, especially when the superior arcs

are removed, care should be taken to cause the least

possible inflexions of them, as by these the ventral cords

would be broken. To avoid this inconvenience M. Straus-

Durckheim fixes the body of the animal, before opening

it, upon a long and narrow strip of cork, attaching it

with pins implanted in the lateral portions of the body.
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and then only proceeds to open it, as it can thus be more

easily handled than if it were fixed upon a wide piece

of cork.

656. For the Chilognatha, the teguments of which

are very hard and where there are no lateral membranous

bands, which allow the dorsal part to be turned back

upon the sides, the proceedings are quite different. The

body here should be likewise fixed upon a narrow piece

of cork, but as it cannot be transpierced with pins,

braces (^ 62) are fixed very closely to the sides of the

body, with their hooks resting upon it, so that it is

seized as between the branches of pincers. A pair of

hooks is thus planted upon every two segments. At the

posterior extremity of the body, one segment after

another is then cut upon each side, by means of a small

osteotome or with scissars, while at the same time the

part operated upon is supported by the fingers of the

left hand, and by degrees, as a segment is cut, its upper

portion is entirely removed, so as not to be in the way ;

and this being continued as far as the head, the actual

dissection is proceeded with afterwards as for the Chilo-

poda. The preparations of the nervous system can

scarcely be preserved.

Insecta.

657. Dissection.—To prepare the brain of Insects

the head should be opened from above, as for the My-
riapoda. To this effect a small opening is made in the

middle of the cranium, by simply removing a small cir-

cular piece of integument by cutting from before back-
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wards, and sawing as little as possible, so as not to turn

back the fibres of muscles, which pass for the most part

obliquely downwards and forwards, either upon the

pharynx or the motor muscles of the mandibles. The

cranium being once opened, it can be seen better what is

the arrangement of parts which were covered by the scale

removed, and how to direct the incisions ; the hole is

enlarged little by little, until the entire epicranium has

been removed, beneath which is readily found towards

the middle the brain, between the two adductor mus-

cles of the mandibles, giving off its two large optic

nerves to the compound eyes ; freeing it by degrees of

the circumjacent parts, it is entirely exposed as well as

the ganglions of the sympathetic nerve, and the nerves

proceeding from both.

As to the inferior ganglia, it is difficult to prepare

them in a single piece with the brain, the latter covering

the first pair, and each of them should ordinarily be pre-

pared apart. After having well seen the brain, it is

extracted by cutting carefully through the nervous

collar of the oesophagus at the exit of that viscus, and

removing afterwards the pharynx and oesophagus in

strips, the first pair of sub-oesophageal ganglia is thus

disclosed. To see this well, the cranium must be pared

away considerably upon the sides, and its supra-anterior

part removed entirely to the base of the mandibles,

taking care previously to fix these last as well as the

maxillae, so that they may not move about during the

operation ; for it is plain that if they are displaced in

different directions by moving in their articulations,

their muscles being pulled about, would destroy every
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thing in the interior of the head. They are fixed, not

by transpiercing them with pins, which would be better

if the parts were not too hard, but by implanting on the

sides small pins, which prevent them from opening.

After having traced the mandibular nerves to their

entrance into these organs, they are cut at a short dis-

tance from the ganglia, so as to preserve their origin

from the latter. The muscles of the mandibles are

cautiously removed in small fragments, so as not to

disarrange the maxillary, labial and lingual nerves placed

beneath. Lastly, the mandibles themselves are detached

to dissect the deeper layers of the head, where the parts

are gradually removed, taking care not to cut the muscles

against their fibres.

658. The other ganglia of the ventral cord should

be prepared by opening the body from above, but as

they are placed against the ventral surface the whole

superior half of the body may be removed at a single

stroke.

To this effect a small band of integument is cut

from all around the corselet, thorax and abdomen, either

with common scissars or the slice, whichever is most

convenient, and the subject being fixed afterwards upon

a piece of cork with the belly downwards, the upper

parts are removed with facility.

In these preparations care must be taken not to

cause too great a movement in the different joints of

the body, as by lengthening and shortening the body

alternately the internal organs would be torn.

659. If it is wished to preserve the brain and all the

ganglia of the head with the origins of the nerves as a
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single specimen, so as to see better their conjoined ar-

rangement, the head must be first disarticulated, by mak-

ing a section as near as possible to the corselet to preserve

the origins of the nervous cords between the first two

pairs of ganglia. A small strip of the cranium is then

cut with the slice all round the mandibles. This open-

ing being made, the tendons of the adductor muscles of

the latter, which are known to be upon their internal

border, are cut from their insertion with the scalpel, or

better still with the microtome. Turning back after-

wards the mandibles a little outwards, all the parts

which unite them to the cranium, such as the integu-

ment, tracheee, nerves, &c., and lastly, the abductor

muscle placed quite on the external edge, are cut succes-

sively from within outwards. Removing next a band

of integument around the cranium, the whole upper

part is removed by small pieces, and the head being

thus widely open, the whole mass of soft organs con-

tained in the cranium, and which envelop the ganglia,

are to be detached either with the scraper, scalpel, or a

curved needle, by cutting the maxillary, lingual, labial

and antennal nerves at their entrance into these organs.

The optic nerves are cut near to the orbits, but most

frequently they may be torn from the latter without

much injury.

The whole mass of soft parts contained in the head

being thus detached in a single parcel, are fixed upon a

black plate of cork, and the parts not belonging to the

nervous system are removed in small pieces from the

latter, which is thus easily disengaged.
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Crustacea.

660. Dissection.—The methods employed for pre-

paring the nervous system of Crustaceans are, in gene-

ral, the same as for theMyriapods and Insects. It need

only be remarked, that the shell being very frequently

extremely hard the body cannot be opened with the

slice, but the chisel, or even for very large species the

osteotome must be used. If it is merely intended to

see the nervous system, the trunk and abdomen may be

opened without any great manipulation by removing

completely the superior half of the body. For the head,

on the contrary, more care must be taken ; the brain,

as usual, being placed above, but always, however, im-

mediately beneath the integuments. As a general rule,

it is placed upon the oesophagus. But it is plain, that

if the latter in place of passing from the mouth directly

backwards, is, on the contrary, directed from below

upwards, the brain is really placed in front of this canal,

and the first or sub-oesophageal ganglion behind it, and

in this case both one and the other are situated deeply,

as in the Decapods, and, therefore, the upper part of

the head may be removed without any great care. It is

sufficient to take some precautions in approaching the

eyes and antennse ; but it is clear, that where at the

same time the distribution of the nerves is wished to be

seen, the shell only must be at first removed and the

nerves traced throughout their whole course. To expose

the nervous system of Limulus, the body of which is

very much depressed, it is most convenient to open the
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animal from above, by removing the whole upper scale

of the buckler and abdomen.

These preparations are with difficulty preserved, from

their soon becoming black.

Arachnida.

661. Dissection.—The preparations of the nervous

system of the Arachnida may be made like those of

Crustacese, by opening the body from above and then

following the same methods ; remembering well that the

brain is always placed very deeply in front of the carti-

laginous sternum, situated in the middle of the trunk,

and that consequently to reach it all the muscles which

suspend this piece must be cut off close to it, and the

piece itself removed to see the sub-oesophageal neuro-

some placed beneath, and then to trace the series of

abdominal ganglia.

But M. Straus-Durckheim prefers, at least in the

Pulmonary Arachnida, opening the body from the side,

that is to say, cutting it longitudinally into two parts,

right and left, but in such a manner that the part pre-

served be larger than the other, so that the brain and

ganglia remain entire. Freeing this principal half of all

the fragments of divided organs, the brain and ganglia

are reached, and seen in situ from the side, and their

relations, especially with the oesophagus and cartilagi-

nous sternum, recognized. In these preparations the

position of the optic nerves, as well as those which

spread within the trunk, are also well seen.

As to the crural nerves, they are cut at a little dis-
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tance from the neurosomes, their origin on the one hand

being examined on the latter, and their arrangement

within the legs upon the other by opening them from

one side, and proceeding as for dissecting the muscles

and vessels.

Preparations of the nerves of large Arachnida, as

Mygale, large Scorpions, &c., preserve perfectly in fluid.

SECT. III.—i)fOXXC7>SC^.—Cephalopoda.

662. Dissection and Preservation.—The brain and

sub-oesophageal neurosomes will be best seen by open-

ing the head from the side in front of the eye. The
skin and flesh covering the cranial cartilage are to

be removed, and this being exposed, the optic nerve is

cut with the globe of the eye attached to it from this

cartilage, so that they may be turned backwards anci

examined afterwards separately. Some small layers

should be cut from the antero-lateral part of this car-

tilage, so as to open the corresponding cavity of the ear,

without burying the scalpel too deep, for fear of wound-

ing the follicle representing the vestibule of the audi-

tory nerve, which this cavity contains. After having

studied this rudiment of the ear, portions of the carti-

lage enclosing it are continued to be cut away, until half

on one side has been removed, and the brain and neu-

rosomes thus disclosed, when each nerve is next traced

throughout its course.

Preparations of the brain and nerves may be very
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well preserved in collections, the parts being very large

and the nerves very distinct.

Gasteropoda.

663. Dissection.—To see the brain, the body must

be opened in all the Gasteropoda from above, and near

to the head, where it is found resting upon the oesopha-

gus. In afterwards opening the body more widely, the

other ganglia are easily enough disclosed by tracing the

nervous trunks which fasten them to the brain. But to

prepare the nearosomes, the oesophagus must be very

cautiously cut at a certain distance from the brain, so as

not to injure those inferior ganglia, which frequently

adhere very closely thereto. When once the position of

these enlargements, and the nerves which supply the

oesophagus have been recognised, the latter is cut near

to the brain, to be turned back and disengaged from all

around the adjoining ganglia and nerves ; and lastly, it

is to be removed altogether, to see the entire assemblage

of the central part of the nervous system.

664. Preservation. — The preparations of the

nerves are made ordinarily, at the same time as those of

the viscera, and are preserved along with them, as a

single anatomical specimen in fluid. Care must be

taken to use uncontracted individuals, obtained so by

the methods indicated in the chapter upon preparing

their muscles.

AcEPHALA.

655. Dissection.—When it is wished to prepare

the nervous system of the Acepliala, it is commenced
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by removing entirely, as for every other dissection of

these Molluscs, one of the two valves ; the mouth is

sought for in the anterior commissure of the mantle, a

small probe introduced into it to mark its position, and

a portion of the mantle, which is found around the

anterior closing muscle of the valves and above the

mouth, being removed, the brain, from which the diffe-

rent nerves are to be traced, is at once hit upon. Under

the closing muscle, and ordinarily, immediately beneath

the integument, the inferior ganglion will be found in

the same way, and the collar of the oesophagus, or

rather, the two long cords which take its place, will be

easily traced from one to the other.

SECT. W.—RADIATA.—Ei^TozoA,

666. Dissection and Preservation.—To prepare the

nervous system of the Cavitary Entozoa, the body must

be opened from the side through its whole length so as

not to injure one of the two trunks, and the viscera re-

moved, the extremities of which are to be examined with

special care, to be assured that no part of the nervous

system there met with is destroyed. But care must be

taken, according to M. Otto, to choose fresh individuals,

since in them alone can the nervous system be dis-

tinguished, since it entirely disappears in those which

have remained long in alcohol. They should be al-

lowed to remain for some time in fresh water, which by

infiltrating the body, renders it more transparent. By
cautiously scraping afterwards the interior of the body
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with a sharp instrument, the soft spongy part covering

the nerves, being softened by the water, is easily re-

moved, and the latter become very apparent.

667 . The nervous system of the Parenchymata must

be traced, like all the other organs, by means of a scal-

pel ; but it may also be very well perceived without

dissection in Fasciola, by examining it through the in-

tegument. To render it more distinct M. Otto recom-

mends likewise using only a fresh specimen, the intesti-

nal cavity of which is slightly filled with food. They

are, in like manner, to remain some time in fresh water,

to render their body more transparent, and placed upon

a plate of glass to be viewed with a lens in clear daylight.

These animals may be dried upon a plate of glass, and,

when well dried, are rendered transparent by coating

them over with essence of turpentine. It is in this state

that these preparations may be very well preserved, and

the above method is also indicated by the same ana-

tomist.

ECHINODERMATA.

668. Dissection.—To see the nervous threads of

the Holothuria, the integument surrounding the head

must be removed upon one side, to expose the tentacles

throughout their whole length, and the latter lifted up

to see their attachment to the cartilaginous ring, where

the threads which are distributed to them are disclosed.

For the Echinus, it is always by cutting the shell hori-

zontally in two, as for all the other internal organs, that

the nervous threads will be disclosed ; but it must be
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opened from the side to seek for the central trunk, which

without doubt surrounds the mouth.

The nervous system of Asterias is prepared, accord-

ing to M. Tiedemann, by removing from below the in-

tegument which surrounds the mouth, proceeding, never-

theless, with much precaution, so as not to destroy sub-

jacent parts. According to Spix, on the contrary, the

body must be opened from above.

These preparations can seldom be preserved.

Polypi.

669. The nervous system of Actinia should be pre-

pared by raising the integument from the roots of the

tentacles, when it may be detected running round the

latter, imbedded in a strong circular band of muscle

which surrounds the orifice of the stomach.

CHAPTEE XIY.

ORGANS OF THE SENSES.

SECT. L—VURTEBRATA.-^Mammalia.

670. Dissection.—The sense of touch being seated in

the skin, where it resides in the nervous papillae which

project upon its surface, the latter are prepared at the
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same time as the other parts of the integument. For

this purpose, the epidermis which envelops them is first

separated by scalding the skin, or macerating it for some

time in water. In removing afterwards the epidermis,

which is readily detached, the papillse which project

upon the dermis are found.

Taste also resides in nervous papillse, which are espe-

cially distinct upon the tongue, and which may be dis-

closed by the same methods.

As to the sense of smell, from its residing in the

pituitary membrane, upon which numerous branches

of the olfactory nerves expand without forming any spe-

cial apparatus, not even apparent papillae, the prepara-

tion of its organ is reduced to a simple dissection of

tissue and investigation of the nervous ramusculi ; for

which object, it is sufficient to detach some parts of the

parietes of the nasal fossae, especially the turbinated

bones and the anfractuosities of the ethmoid, and examine

their surface under water with the lens. The specimen

may be scalded to remove more easily the epithelium, so

as to expose the nerves.

671. Preparations of the internal ear are much more

difficult to make, the acoustic apparatus being not only

very complicated, but lodged moreover in the interior of

the hardest bone in the body. The bones being never-

theless much more tender and spongy in young than in

old subjects, and this part of the apparatus being nearly

as large and well developed at birth as in the adult, it

is principally upon very young subjects that it is to be

exposed for the purposes of study.

To see best the interior of the tympanum and the

c c
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mastoid cells of the Carnivora, animals in which the ear

is most developed, a horizontal cut should be first made
with a fine saw in the cranium (in that of a Cat, for ex-

ample, as typical of the order) in an individual in which

ossification is completed, and the membrana tympani

perfectly entire, so as to divide the drum about aV^^ °^

an inch below the external auditory foramen, and remov-

ing thus a large part of this osseous dilatation, the tym-

panum and mastoid cell are at once opened, and the

interior of the latter, which forms a wide cavity, is par-

ticularly well seen. The partition which separates the

two cavities, and the position of the cochlear fenestra,

placed in the genus Felis, so as to communicate both

with one and the other, is also seen. This partition is

cut away in small pieces, as well as the infra-posterior

half of the tympanic cavity, after having cautiously de-

tached the tympanum with a fine scalpel from all that part

of the cavity which is to be removed, so that in taking

it away the tympanum may not be dragged about, which

would easily cause displacement of the malleus. By this

proceeding the ossicles of the ear, which are very fre-

quently found quite in their place, are disclosed, as also

the under part of the petrous bone, where the promon-

tory, the two fenestrse, and the digital depression, in which

the Eustachian muscle or tensor tympani is attached, are

seen.

672. To see the muscles of the ossicles the same

cuts should be made upon a fresh skull, from which

care should be taken not to detach the pterygoid apo-

physis, and the laxator tympani major muscle. The tym-

panum being opened, the tendon of this last muscle will
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be seen to pass to the apophysis of the petrous bone, and

adhere by its posterior border to the Eustachian tube,

into which a probe should be introduced from its guttural

orifice, which is placed above the apex of the pterygoid

process, near to the body of the sphenoid, and made to

pass out by its internal opening, which cannot however

be easily perceived until after the malleus has been

removed. In front of the promontory in Felis the Eus-

tachian muscle will be seen, but with difficulty, being

placed deeply above the malleus, which conceals it, and

in front of the promontory, by which it is hidden from

behind. By removing cautiously and in small pieces

the posterior part of the squamous bone, without going

in front beyond the level of the vestibular fenestra, for

fear of detaching the incus, which articulates there with

the squamous and corresponding portion of the mastoid

bone, the external part of the aqueductus Fallopii,

through which the facial nerve passes, is first opened,

and turning this nerve outwards between it and the

apex of the promontory, the pyramidal cavity for the

lodgement of the stapedius muscle is disclosed, but care

must be taken not to remove the external wall of this

cavity, in which the horizontal semi-circular canal passes.

That portion of the squamous bone which forms part of

the box of the tympanum is then to be carefully re-

moved, to effect which, a knife or file will be used for

shaving away the bones by degrees, so as gradually to

approach the external process of the incus, which must

not be detached from the squamous, but the latter

worked away close to the process ; in this way all the

ossicles will be seen exposed,

c c 2
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To see the interior of the labyrinth, each of its

cavities must be separately opened, and for this the pe-

trous bone is isolated. In the external contour of the

pyramidal cavity is found the horizontal semi- circular

canal, which will be opened by scraping down the ex-

ternal border with a file or very sharp scalpel. Being

once opened in the middle, a probe is introduced into

its two branches to see their direction, and they are then

traced to their entrance into the vestibule.

The superior semi- circular canal is found likewise in

the projection, which circumscribes within the depres-

sion remarked on the internal superior surface of the

petrous bone, above the internal auditory foramen.

Lastly, the posterior semi- circular canal is hid in the

interior of the petrous bone, passing from the horizontal

to the superior canal, both of which being opened it will

be easily found.

673. It is difficult enough to disclose these canals

by carving the petrous bone in an adult human subject,

but very easy in the foetus or infant, at the period when
these canals are of ivory substance, and the enveloping

portion of the petrous, of cellular.

674. To open the vestibule most conveniently, the

petrous bone in the Cat is cut into two portions with a

very fine saw, the line of incision passing as near as

possible behind the two fenestrse without cutting them,

and on the opposite surface also about -^-^Xh inch behind

the internal auditor)- foramen. In the posterior piece,

the four orifices of the semi-circular canals should be

pierced, and upon the anterior will be seen the orifice

of the vestibular fenestra.
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The cochlea must be opened by the inferior surface

of the promontory. A cut with a saw should be made

across the latter, parallel to the plane of the cochlear

fenestra, and at a small distance from it, so as to leave

simply the ring of this opening. The middle of the

vestibular fenestra is approached with the saw, at a dis-

tance equal to its diameter, so as not to cut into the

spiral partition, and the saw is then driven in upon a

level with the centre of the cochlear fenestra. A second

incision should be made along the infra-posterior face of

the promontory, parallel with, and about -^ths of an

inch from the internal edge of the petrous bone. The
bone being curved, care must be taken to make the saw

penetrate at each point, only just enough to pierce the

cavity, and the incision is extended to the meeting of

the oblique groove which marks the separation of the

spiral turns of the cochlea. A third cut with the saw,

behind this groove, should be directed from the second

towards the anterior border of the vestibular fenestra,

which is to be approached at a distance of -gV^h of an

inch ; lastly, the extremity of this incision is united to

that of the first by a small furrow made with a graver,

so that, in causing the small piece thus circumscribed to

spring up, the ring of the fenestra is not broken. By
removing this plate of bone, the last whorl of the coch-

lear cavity, that is the largest, is opened ; and to open

the first also, a semi- circular piece is removed from the

inferior aspect of the projection of the promontory plac-

ed in front of the scala, which separates the two turns

of the spire. The apex of the cochlea being found in

the centre of this projection, a line is traced proceeding
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from the middle of the vestibular fenestra to this centre,

and a stroke with the saw made about half a line behind

and parallel to the above, without penetrating into the

cavity. This cut will form the diameter of a semi-circle.

A second should be made cautiously also in front of the

fossa, which separates the two v,^horls of the spire, so as

barely to pierce the thickness of the bone, and lastly, a

third parallel to the supra-posterior aspect of the petrous

bone ; then uniting the anterior extremities of the two

first cuts, the piece should be removed in small bits.

The two openings being once made, are enlarged as is

thought proper, by working down the edges.

To see the canal which traverses the thickness of the

lamina spiralis, separating its two scalse, a cut perpendi-

cular to the columella has only to be made in it.

As to the other Mammalia, the proceedings are

nearly the same.^

675. To trace the acoustic nerve, the fresh petrous

bone of a rather young specimen must be chosen, so that

the bones are not too hard ; the same pieces are removed

at first as in the preceding preparation, and nearly half

of the cochlea being afterwards cut away, the umbilicus

is lastly opened lengthways, where the acoustic nerve is

found and its branches traced. But it will be better

still to cut the petrous bone from its internal border,

and through its whole length, removing the bone little

by little, to a plane passing by the lower border of

the cochlear fenestra, the middle of the internal au-

ditory foramen, and the apex of the petrous bone, tak-

ing care not to cut the portio mollis of the seventh pair

itself. By this means, the two scalse of the last whorl
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are first opened, then those of the first by making, to-

wards the apex of the petrous bone, a second incision to

form an angle with the first, and bending outwards to-

wards the apex of the spire.

676. The external organs of the globe of the eyefWre

prepared exactly like other analogous parts formed by

integument and muscles. As to the lachrymal gland,

which is easily disclosed in the supra-external angle of

the orbit, its excretory canals , being very delicate are

not easily detected : a method, however, indicated by

Winslow succeeds very well; he advises soaking the

lid some moments in cold water, and having withdrawn

without drying it, the external part of the palpebral

conjunctiva is blown into, very closely but without

touching it, with a fine pipe at different places. In this

manner, the extremities of these small tubes are inflated

and rendered visible, and once disclosed, may be readily

injected.

The puncta lachrymalia are perceived by turning the

eyelids inside out, and fine probes maybe introduced into

them, or they may even be injected. In the first case,

their direction must be rendered straight by drawing

open the eyelid, which is difficult to do, so that it is

better to inject them, as by this means the lachrymal sac

as well as the nasal canal are filled, and can be dissected

afterwards to see their form and position. This con-

duit may be also injected by the nasal fossa, upon a

head divided longitudinally into two parts, where it is

found beneath the posterior part of the inferior tur-

binated bone.

677. To see the muscles of the globe of the eye, two



392 ORGANS OF THE SENSES MAMMALIA.

methods may be adopted. The first consists in remov-

ing the whole external wall of the orbit, and studying

successively the external, inferior, and superior muscles,

tO|Cut them through the middle, and remove afterwards

th^ globe to see the attachment of the internal muscle.

'I'he eyeball being removed, the insertion of these

muscles round the optic foramen will be distinctly seen.

The second method employed, when it is wished to

preserve the head intact, is to detach in a single mass

all the soft parts contained in the orbit. Having reached

the bottom of this cavity, the muscles and optic nerve

are cut through together by means of a curved-bladed

scalpel. This process is difficult, and the organs situated

in the ball are commonly sacrificed, being destroyed

by the traction and compression that is exercised upon

them.

678. As to the parts which constitute the ball itself

it would be difficult to see them 'well while the organ

remains in situ, and it is always extracted, so as to be

examined more at leisure ; to this effect it may be fixed

separately upon a piece of cork, but in this state much
difficulty is still experienced in dissecting it, while at

the same time being entirely composed of soft parts, it

becomes distorted and easily crushed when opened.

For dissecting the eyes more conveniently, it has

been contrived to freeze them, to give their mass greater

consistence, and in that state to cut them in the required

direction. But besides the inconvenience of its being

possible only to employ this proceeding in winter, and

then not always, the globular form of the organ prevents

its being readily kept in place. All these inconveniences
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disappear by the employment of the anatomical moulds

described in the first part of this work (^52).

The eye is first extracted from its orbit, endeavour-

ing to compress it as little as possible, so as not to de-

stroy its internal parts, such as the hyaloid membrane,

ciliary processes, iris, &c.

The fat and cellular tissue being stripped oiF, and the

eyeball only left, it is moulded in fine plaster, beaten

up to the consistence of cream, being immersed therein

more or less deeply, according to circumstances. As

this matter does not attach itself to the body of the

eye, the latter may be artificially fixed by means of

small hooks made of very fine pins, as has been al-

ready pointed out. By this method the eye is not

only fixed, but does not lose its form when dissected.

With a very thin slice a layer of the sclerotic is re-

moved, and the whole interior is seen in the most con-

venient and distinct manner, especially under water,

where this apparatus is best dissected.

The layers which compose the cornea may be most

easily separated after it has been soaked for some time

in warm water or alcohol.

To see the walls of the cells of the hyaloid mem-
brane, it is also recommended to macerate the eye in

alcohol or weak acid, which renders them opaque ; and

that all the cells communicate with each other is proved

by making a single incision, through which all the liquid

will pour out and leave the cells empty.
i

Freezing is also used, by which the vitreous humour

of each cell forms a distinct flake of ice, and is easily

separated.
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Bichat recommends simply placing the vitreous body

in a solution of potash, the hyaloid membrane becoming

thereby opaque and grey, while the humour preserves

its fluidity and transparence.

To see the fibres which compose the crystalline lens,

the latter should be macerated for some days in a satu-

rated aqueous solution of alum. This salt concretes

and renders the fibres hard, and the lens is then divided

with the greatest ease in all directions by the cleavages

passing from the centres of the two surfaces.

679. Preservation.—The organs of touch or ner-

vous papillae, making part of the skin, are preserved

along with it, but as they lose their characters entirely

by drying, they must be kept in fluid, and even then they

are not very well seen. The same is the case with the

gustatory papillae and the pituitary membrane. The

first may be preserved, however, to see their external

forms and arrangements upon the tongue, denuded of its

epidermis, and the last for showing the nerves upon the

pituitary membrane, and both should be kept in fluid.

The bony preparations of the middle and internal

ear are preserved like the other parts of the skeleton,

only care must be taken to wash them over with corro-

sive sublimate, so that insects may not destroy the tym-

panum and ligaments of the ossicles.

The eyes, containing no solid part, can be preserved

in any fluid, which contains no substance which alters

the albuminous organs, such as the bi-chloride of mer-

cury and acetate of alumina. Alcohol preserves these

organs best.
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AVES.

680, Dissection.—The sensitive papillae of the skin

and tongue, as well as the nerves of the pituitary mem-
brane, are prepared precisely as among the Mammalia,

and the eye and ear also nearly in the same manner.

To see the interior of the nasal fossae and lachrymal

passages, they must be opened from the side. After

having examined the disposition of the nostrils, and

that of the two folds of their borders, the lower one is

cut to see the position of the one above, which forms the

inferior turbinated bone, and opening the nostril more

from behind, the latter is entirely disclosed terminating

at the entrance of the middle meatus.

In afterwards removing the integument between the

nostril and eye, the antrum Highmorianum is found

immediately below, and a little higher the upper part of

the lachrymal sac ; but in order not to cut the partition

which separates them, the first of these cavities only

should be opened below a line passing from the nostril

to the inferior border of the eye, and this opening en-

larged in front, towards the descending process of the

nasal bone, backwards to beneath the globe of the eye ;

above, this cavity terminates in the angle formed by the

integument with the partition, which separates it from

the lachrymal sac.

In the floor of the antrum, in front of the eyeball,

are seen the entrances of the sphenoidal and frontal

sinuses.

Raising then the integument from over the partition,

the lachrymal sac is opened, into which a probe may be
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pushed, and made to pass out by the posterior nares,

and, in front of the orbit, are found the orifices of the

lachrymal canals.

Cutting next the descending process of the nasal,

and the integument which separates it from the nostril,

the anterior meatus of the nasal foss83 is entirely opened ;

and, lastly, by removing the internal partition of the

antrum Highmorianum and lachrymal sac, the middle

and superior meatuses are opened.

681. As to the labyrinth and its appendages, they

are easily prepared, the bones in which they are hollowed

out being very spongy and admitting of being readily

cut with a knife. The cranium of an old bird may be

very well used, but young ones however in which the

sutures are more distinct are preferable, the part in

which each cavity is placed, being better recognised.

The dissection is commenced, by separating in a

single piece the whole posterior half of the cranium,

sawing the latter in two by a vertical cut, passing in

front of the sphenoid so as to leave the Eustachian

tubes intact. In the common fowl, for example, upon a

specimen thus prepared, the superficial table of the

upper bones of the cranium is first removed to see in

the middle of them, the cavernous cells of the diploe

;

opening these in succession by very fine layers, the semi-

circular canals placed in the supra-posterior part are

disclosed without fail, and are to be freed from the

spongy tissue that covers them, by scraping lightly.

Removing next the whole upper and internal part of the

parietal and squamous bones, as far as the superior ver-

tical semi-circular canal, the prominent arch of which
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is seen within the cranium, where it circumscribes a deep

cavity, this canal is opened, first along its upper border,

by removing it in small slices, and then as soon as its

cavity has been penetrated, a bristle is introduced to re-

cognise more exactly its direction. The same is done

with the two others, and the position of the probes

which pass into the vestibule beneath, show the situa-

tion of this cavity which is opened from the internal

aspect, after having cut the piece into two lateral halves.

The cochlea situated lower down, more internally than

the vestibule, and hidden in the inferior bones of the

cranium, is next opened also.

It is to be opened from the upper surface, so as to

see at once the interior of the two scalse. All the parts of

the labyrinth being thus disclosed, the piece may be

replaced upon the head, from which it has been removed,

by dividing with a saw the basilar and sphenoid bones,

which will serve as a guide to seeing better what the

position is of each part in relation to the cranium.

682. As to the eyes, the same methods will be

adopted as for the Mammalia ; it being only remarked,

that for seeing the marsupium the eyeball must be

opened by its anterior or posterior surfaces—in other

words, perpendicularly to the cornea.

Reptilia.

683. The bones which envelop the labyrinth being

only partially ossified, and membranous throughout the

rest of their extent, it is necessary to have fresh subjects

for making preparations.
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As to preparations of the eyes, they are made as for

the Mammalia.

Chelonia.

684. Preparations of the eye and ear are made ex=

actly as for the other classes of Vertebrata.

Pisces.

685. Dissection.—The only preparations that can

be made upon the nasal fossae of Fishes, consist in open-

ing them from the side to see their interior, and tracing

the nervous branches placed in the folded ridges.

To see the internal ear the cranium is opened from

above, and the labyrinth exposed, either in the infra pos-

terior part of that cavity, or in a special cavity placed

upon the side of the posterior part of the cranium.

The eyes are prepared like those of other Vertebrata.

All these organs of sense should be preserved in

fluid.

SECT. II.—Ji^r/C^JL^r^.—Annelida.

686. Dissection.—The only preparations that can be

made of the sensitive organs, consist in tracing the dif-

ferent nervous trunks v^^hich pass into parts where these

organs are supposed to be placed, especially those of the

brain, of the first inferior and the posterior ganglion of

the ventral cord, the last appearing to furnish nerves of

sense in the higher Articulata. By this means it may
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be investigated, if the part to which a large nervous

trunk is given can be the receptacle of a sense.

Mykiapoda.

687. Preparations of the organs of sense of the

Myriapods are made like those of Insects.

Insecta.

688. Dissection.—The preparation of the sensitive

organs of insects is excessively difficult, partly from their

extreme minuteness, and partly because they are gene-

rally clothed in a horny integument which must be cut

into.

As concerns the feet, antennae, palpi, and the multi-

articulate appendages, to the last segment of the abdo-

men in certain Insects {Lepisma, Gryllotalpa, Ephemera,

&c.), the best mode of preparing them is to imbed them

in a mass of" wax, where they are fixed firmly enough

to admit of a layer of their integument being removed

with the slice ; but care must be taken to cut in the

direction of the extremity towards the base, if there are

muscles, so that they may not be swept back ; and vice

versd if there are none, the cut being easier to make in

that direction.

689. To examine the rings of the stigmata they may
be removed with an adjoining portion of integument,

of which they are appendages, and brought under the

microscope. But if it is wished to prepare them in situ,

to see the nerves which pass to them, care must be

taken to move the segments as little as possible upon

each other, so that the organs adjacent to the stigmata
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may not be torn, as happens very easily, and the more

SO from the latter being often found in the bottom of a

fold which the abdomen makes laterally, in its mem-
branous longitudinal bands.

The best mode is to detach at once upon an entire

insect the lateral part of the thorax and abdomen, be-

ginning by making an incision in the integument along

the back and belly, cutting next slightly with the scis-

sars all the internal organs to complete the separation

of the longitudinal lateral part of the body, and bringing

it afterwards under the microscope, having fixed it with

pins upon a cork. Removing next by bits all the re-

mains of organs which cover the stigmata, they are at

length entirely exposed with their rings, and the trunks

of neighbouring nerves. But care must be taken to

exercise no considerable traction upon the adjoining

parts, for fear of tearing the nerves to be preserved.

M. Straus-Durckheim recommends these precautions, for

in spite of the care used, he has never been able to

trace the nerves to the bottom of the folds in the inte-

gument, where the stigmata of Melolontha are placed.

It is probable according to the same authority, that

in the first pair of stigmata placed between the neck and

pro-thorax, the olfactory apparatus is principally to be

met with, these stigmata, with their accompanying rings

being usually the largest.

690. The eyes are however the most difficult parts

to prepare, from the extreme minuteness of the ocelli.

To see these last well, a very fine slice must be cut with

a well sharpened instrument, such as a razor, from

within outwards, from a compound eye, without much
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sawing, and at a single stroke, so that the cut may be

parallel to the simple optic nerves between which it

passes. This lamella is brought under the microscope,

where it is kept by means of the forceps (f 178), fixed on

a portion of the common optic nerve. The superficial

bruised parts are removed from either side, to expose the

simple optic nerves with their respective eyeballs, which

have not been injured.

691. To see the distribution of the nerves in the in-

terior of the organs of the mouth, the latter must be

opened by cutting towards the buccal surface in which

the last nervous ramuscules expand, in other words, in

the mandibles and maxillse, from without inwards ; from

the lip the lower plate is removed to trace the nerves be-

neath. The tongue is prepared likewise from beneath,

where it is naturally open. Lastly, to see the nerves

of the labrum, the upper integument should be re-

moved.

Crustacea.

692. Dissection.—The methods employed for pre-

paring the organs of sense in the Crustaceans, are pre-

cisely the same as for Insects. The eyes being very

often much larger, are more easily dissected. The cor-

nea, composed of all the lenses united into one, may be

most readily preserved dry, and the crystalline lenses

are very distinctly seen projecting upon the internal

surface.

Arachnida.

693. The sensitive organs of the Arachnida being

D D
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quite like those of Insects and Crustaceans, are prepared

by the same means ; and it need merely be remarked

that in the simple eyes, which are much larger than in

these two last classes, much more facility is offered for

their dissection, and especially in the large eyes of the

Scorpion, in which animal their structure may therefore

be studied.

SECT. III.—MOiLC/^SCJ.—Cephalopoda.

694. Dissection.—The acoustic nerve and eye of the

Cephalopods may be dissected in the same way as their

analogues in the Vertebrata, and are even more easily

prepared, the cranial cartilage in which they are lodged,

admitting of being easily cut with the scalpel.

695. To see the different coats which form the eye

and its appendages, the lids should be first inflated by

means of a pipe to detach them from the eyeball, where

they rest upon it. The same should be done for the

sclerotic, by blowing into its aperture, and lastly for the

iris. After having well recognised each of these parts,

they are slit in different radiating directions, so as to

turn back the strips, and distinguish the parts placed

beneath. The sclerotic is next disclosed, as far as the

cranial cartilage, and its external la5'er opened all round

it to see its cavity, in which the optic ganglion and

glandular mass are found. Lastly, the internal sclerotic

is opened to see the retina and choroid.

The lamellae and fibres of the crystalline lens are
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very well seen in eyes which have remained some time

in alcohol, and by tearing off strips of the external la-

mellee, it is distinctly perceived that they are prolonged

upon the ciliary processes.

Gasteropoda.

696. Dissection.—The organs which are supposed

to preside over the senses in the Gasteropods, are pre-

pared at the same time that their nervous system is dis-

sected.

In LhmKEUs, Limax, and Helix, the acoustic cells will

be found adhering to the posterior part of the anterior

ganglions of the great sub-cesophageal mass. They

are easily recognised by submitting the head of the

smaller species of Gasteropods, or of the young of the

larger species, to a gentle compression under the micro-

scope.

697. The organs of sense, with the exception of

the general one of touch, are either wanting entirely,

or too imperfectly defined in the lower orders of Mol-^

lusca and in the Radiata, to merit a distinct notice.

It will be evident at once to the student, in perusing

these details relative to the methods of dissecting and

preserving the different systems of organs, that all the

information which they embrace can be regarded only

as consisting of so many general rules for his guidance

in prosecuting such researches. More minute directions

D D 2
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would have been incompatible with the extent of a work

like the present, and in many respects unnecessary,

since every observer will vary more or less his modes of

investigating the same animal according to the end pro-

posed, while to each the lessons acquired by practice,

by familiarizing the eye and hand with the objects of

nature themselves, will be worth, indeed, the most ela-

borate and complicated descriptions, which, if not fully

understood, and this is often by no means easily done,

serve only to confuse. Still less would it have been

possible to convey in writing a clear idea of the spirit in

which anatomical studies should be pursued ; that the

individual importance of facts, each being viewed as

parts in the great scheme of organization, will be in

proportion to the truths they are rendered capable of

illustrating, or the deductions to which they lead. Hence

much philosophy of thought, as well as judgment, are

requisite to interpret accurately the evidences of the

senses ; and thus it is the sciences of Comparative Ana-

tomy and Physiology have attained their present elevated

position, and in like manner will continue to advance.
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APPEI^DIX.

ON THE DREDGE.

Communicated by Professor Edward Forbes.

The Dredge is an instrument indispensable to tlie naturalist

engaged in the investigation of marine animals and plants, as

without it the most interesting of the Invertebrata will be sought

for in vain.

The common oyster dredge is the usual form ; but it is large

and clumsy, and requires some little skill in its management, espe-

cially to prevent its canting when it reaches the bottom, which
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defeats the object, and exhausts the labour of the dredger, since

from its construction it can scrape only on one side. A distin-

guished Irish naturaUst, Robert Ball, Esq., of Dublin, has con-

structed a dredge, the form of which remedies this inconvenience,

and which, from its efficacy and portability, is by far the best

suited to the purposes of the naturalist. It consists of two parallel

oblique pieces of iron scrapers, united together at each end by

cross bars, to which are attached two arms by means of swivel

joints. These arms fold down when not required, and when the

dredge is to be used they are elevated, until their free extremities

meet so as to form a triangle with the scraping frame, when they

are to be screwed together. The rope is to be attached to them at

the screw. To the scraping frame is attached (by holes and cords)

a bag, either of strong rope network or of canvas, wdth eyelet

holes. In deep water the latter is preferable, in order to secure as

much of the sea bottom as possible. Such a dredge may be made

of any size ; but the most convenient are of 3 feet frame, and of

18 inches. The former is quite large enough, and may have a

gape of 6 inches. The latter is very convenient, as it may be

packed up and carried any where in the bottom of a carpet bag,

and requires for use only a coil of strong thick cord.

The dredge should be let down with care, so as to avoid any

entangling of the rope, and the bottom, if not known previously,

should be ascertained by the sounding lead before dredging. Ge-

nerally speaking, one-third more line than the depth is required

for the operation. If the dredge be too light, or if there be a

great depth of water, a sounding lead should be attached to the

line just above its junction with the dredge, in order to sink and

steady it. When great accuracy is required (and always, if possible,

in very deep water), Massey's sounding machine should be used to

register the depth.

"When the dredge is drawn to the surface full, the contents

should be emptied into a tub or bucket, and washed with care.

Mr. Ball recommends a series of sieves of different degrees of

fineness for the purpose. A careful search should be first made

for soft animals, such as Nudibranchia, Holothurice, &c., in order

that they may be procured as uninjured as possible. They should
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be immediately placed in a vessel of clear sea water, and their

actions closely' watched. Then such Radiata as are not required

for observation should be plunged into a vessel of cold fresh water,

from whence, after soaking for an hour or so, they should be

taken, and plunged for a few minutes in boiling fresh water, and

then dried in a draft. If, however, the forms are novel or inte-

resting, spirit and Goadby's solution are the best media for their

preservation.

After each dredging operation, a note should be taken of the

animals procured, and the state in which they were found, whether

alive or dead ; and if Conchifera, whether the dead specimens had

the valves attached or single, &c.; also, the depth of water, the

distance from shore, the nature of the sea bottom, the fuci pro-

cured, and the date, should be all accurately registered.

In putting away specimens in spirit at sea, I have found that

by far the best method for their safe preservation is to wrap each

in a fold of tin foil, on which a mark may be attached or cut re-

ferring to a register.

I need not insist on the importance of as many notes as pos-

sible, and above all sketches, being made from animals immedi-

ately after their capture.

MEANS OF REMEDYING THE DEFECT OF ARTIFICIAL LIGHT.

By Dr. J. W. Griffith.

It is well known to microscopists how much more fatiguing it is

to view minute objects by artificial than by natural or daylight.

Many are by this means prevented from resorting to the micro-

scope in the evening, which is the only time most observers can

spare for such purposes. When candle or lamp-hght is compared

with daylight, it is found to be of a reddish-yellow colour compared

with the latter ; the combination of this coloured light with the

colour complementary to it, produces a white compound, which is

equally as good as dayUght. The complementary tint to this red-

dish-yellow is deep blue, with a tinge of purple or green, accord-

ing to the exact tint of the luminous source, which varies. The
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readiest mode of finding out the exact tint, is to fit the polariscope

to the microscope ; then to place in the stage some crystallized

salts, belonging to any other system than the cubic ; next to

arrange the analyzer and polarizer, so that their planes of polari-

zation are at right angles. By examining thus several crystalline

specimens, a portion may be always found which is of exactly the

same colour as that of the flame (which must be found out by

comparison) ; by then turning round the analyzer, so that the

planes of polarization become parallel, the complementary blue

tint will be found, and a piece of glass of this colour will be the

requisite one. The. modes of applying this are various. Some
substance soluble in tallow supplying the requisite tint during

combustion, may be added in the formation of the candles ; or

another head may be added to the illumination of opaque objects,

and a plate of glass of the proper colour fixed in it, this being

placed as near the light as possible, and between the mirror of the

microscope ; or a piece of coloured glass may be fixed in the con-

denser ordinarily used for transparent objects ; or the lamp glass

itself may be made of the requisitely coloured material. The

method of proving if the tint be the right one, is to adapt it to

the apparatus during daylight, using a candle as the luminous

source, and then comparing the field with the white sky.

ON MOUNTING PREPARATIONS UNDER THIN GLASS.

By Dr. J. W. Griffith.

In consequence of many of my specimens having been spoiled by

using gold size and lamp black, I was induced to try a variety of

other compounds, and I have at last, I think, found one or two

which will perfectly answer. I first tried a solution of asphalte,

by heat, in oil of turpentine, as used, I believe, by Dr. Williams

of Guy's Hospital. This I found also to fail. Those which I have

found answer permanently are— 1st, a solution of Canada balsam

in ether or oil of turpentine, evaporated to just such a consistence

as is sufficient to allow of its being applied with a camel hair

pencil ; 2nd, a mixture of gold size and white lead ; this used as
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the ordinary gold size and lamp black has remained permanent

;

a little red lead mixed in v.'ith it makes it dry quicker and harder;

3rd, a mixture of red lead and gold size used immediately dries

very rapidly, and becomes very hard ; and 4th, a mixture of fine

lamp black and white hard varnish, laid on immediately, forms a

very good compound. In some cases where I have been particu-

larly anxious to preserve a specimen in the moist state, I have

made the walls of the cell of Canada balsam, next laid in the

specimen and its liquid, and finally cemented the margin of the

thin glass firmly, by melting the balsam with a heated pen-knife

or iron nail. The 1st, 4th, and last, are those in which I place

most confidence, particularly the 1st.

UPON THE METHODS OF EXAMINING THE CIRCULATION AND

NERVOUS SYSTEM IN LIVING ANIMALS.

Cold blooded animals are by far the best subjects for enjoying the

beautiful spectacle of the circulation for a length of time, and

without interruption. In what follows I shall say as much as I

think necessary to enable every one to undertake such observations

most conveniently, and to avoid inflicting needless pains upon the

subjects of them—a duty encumbent upon every physiologist, who
ought to feel that vivisections are only allowable where they are

unavoidable. Every season of the year is not alike favourable for

making observations on the circulation. It is only in the spring

that tadpoles are to be had, but they are excellent subjects. They

should be rolled up in moist blotting paper nearly to the end of

the tail, and so laid upon a plate of glass of sufficient size, and

placed under the microscope, the wrapper of bibulous paper being

kept constantly moist by a few drops of water let fall on it from

time to time. In this way the circulation may be watched for

hours, and the tadpole set free at the end of the observation is

nothing the worse. Young and still transparent fishes may also

be treated in the same way, and are excellent subjects, but they

require more delicate handling than tadpoles. The circulation in

the allantois of the young embryos of lizards and snakes is also a
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very beautiful sight, when these subjects can be had at the proper

point of evolution; they require to be removed from the ova, and

observed covered with fluid albumen in a watch-glass. In the

winter I find frogs the best subjects ; fishes are then much less

proper. In the web of the hind foot of the common frog (Rana

temporaria), the circulation is perhaps seen to as great advantage

as any where. All our better microscopes are now provided with

a stage adapted for placing the animal, which is best secured by

being put into a linen or calico bag, with tapes at each corner to

tie it down by. If the stage have a piece of soft wood, with a

round hole pierced in it, the web is more readily and more advan-

tageously secured over this by being pinned down in its circumfe-

rence, than by threads passed round the toes and braced out in

different directions. The web ought of course to be kept constantly

wetted with fair water. The mesentery of the frog, or of a small

warm blooded animal, such as a mouse, the wing of the bat, &c.

&c., are, on grounds readily conceivable, much less favourable

subjects for observation. To obtain a view of the entire embryonic

circulation, the incubated hen's egg of the third and fourth day

should be chosen. The shell being carefully removed on the

lateral aspect of the egg, the germinal membrane must be cut

away from the vitellus, at the distance of a few lines from the

sinus terminalis, and gently placed in a watch-glass, with a little

water warmed to blood heat, and having a few grains of common
salt dissolved in it. The adhering particles of the yolk are then

to be washed away, and the water renewed, the temperature being

carefully kept up all the while by the addition at intervals of a

drop or two of warm water. To observe the circulation in the

respiratory system, the larvse of the water new^ may be selected to

show it, as it takes place through gills, the branchial fringes being

beautifully transparent here. The best subjects for observing the

circulation through the lungs—a magnificent spectacle, though it

unfortunately lasts but for a short time—are strong large newts.

The animal should be strangled after it has distended its lungs,

the noose being pulled with moderate tightness. The abdomen is

then to be laid open, and the entire animal being held in the

hands, is placed upon a glass plate as a port-objet, and one of the



APPENDIX. 411

lungs brought into the field of view. To obtain a sight of the

circulation in glandular organs, the larvae of water newts are still

the best subjects ; to observe that of the liver, in particular,

simple lenses, or low powers with aplanatic eye-pieces, when the

compound microscope is used, should be chosen. When we

would examine the circulation in transparent parts, magnifying

powers of from 100 to 200 diameters are preferable ; but to obtain

a satisfactory general view of larger parts, we cannot go beyond a

power of from 40 to 50 diameters. To scrutinize individual ap-

pearances, we frequently mount to powers magnifying 400 and

500 (and even 800) diameters.

The blood of frogs is best obtained by collecting it from the

heart of one or more of these animals in a narrow test glass.

The fluid is then to be stirred with a fine glass rod, by which the

fibrine will be coagulated and made to fall in flocks, or to attach

itself to the rod in the form of a membrane. The blood cor-

puscles soon sink to the bottom through the serum, which then

presents itself as a yellowish fluid. The blood can be preserved iu

this state for several days in cool weather.

For opening the spinal canal in the frog, it is necessary to

have a pair of cutting pliers of suitable form and strength, by

which, after the removal of the muscles, the vertebral arches and

upper part of the skull may be broken away, or the bodies of the

vertebrae themselves removed from the front. For mechanically

irritating the roots of the nerves, or the surface of a transverse

section of the brain and spinal cord, a curved and flne needle, set

in a handle, will be found useful, as also for lifting up the roots of

the spinal nerves, previous to cutting them across. Scissors of

diff"erent form and size, with fine points and edges, must be also

at hand. Stilling makes use of a very small but strong pair of

scissars with short blades, bent at an angle to separate the verte-

bras at their articulations, and from the arches, and to cut through

the spinal column. To open the skull quickly in the rabbit, and

remove at once a part of the brain. Stilling uses a strong sickle-

shaped knife, like a gardener's pruning knife. A very suitable,

and in many cases indispensable, instrument is a small scalpel,

with which the coverings of the head can be penetrated, e. g., in
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the rabbit, in order to cut through the roots of the cranial nerves

upon the living animal, with the least possible injury to other

parts. As chemical agents of irritation, recourse is had to caustic

potash, and acetic acid, which generally succeed tolerably well.

The abdominal ganglia, e.g., and twigs of the sympathetic in the

rabbit, being seized with the forceps, are touched with a small

piece of the potash. Acetic acid is an excellent means of irritat-

ing different parts of the skin of the frog. It is used in a more

or less concentrated state, and applied with a glass rod to the spot

to be irritated. Galvanic apparatus are of very great importance,

and by far the most convenient is a single pair of plates. The

following form is the most suitable :—A long, fine pointed, and

well poUshed plate of copper, is connected to a zinc plate by

means of a loop of silver or silvered copper wire, so that the two

poles may be approximated, either within a very small space upon

the root of a nerve, or the circuit established between parts re-

moved at some distance. The fine pointed copper plate can also

be employed for mechanical irritation. This feeble apparatus is

capable of exciting the most powerful muscular contractions in the

whole of the hinder extremities in living or fresh killed frogs, and

in the rabbit, through the whole extent of the diaphragm. Gal-

vanic experiments must be always commenced with a single pair

of plates. With this the separate function of the two roots of the

spinal nerves may be successfully demonstrated, while by means of

a stronger apparatus the galvanic fluid may be made to traverse

from one root to the other, these parts conveying it like all

animal structures by acting as moist conductors. In many cases

it is convenient to make use of small galvanic piles, when, e. g.,

it is wished to test the action of the nerves upon the muscular

fibres, when they have been separated some considerable time

from their centres, and have therefore died by degrees. For many
subjective experiments, as imitating the organs of sense, the in-

ductive apparatus described in works upon natural philosophy,

answers best.

—

From the excellent Tramlation of R. Wagner's Phy-

siology, by Dr. Willis.
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STILLING'b METHOD OF EXAMINING THE SPINAL CORD.

Extremely thin sections of the spinal cord, longitudinal and

transverse, are to be made by means of a very sharp and broad

razor, rather hollowed on the surface, which, as in making other

delicate animal and vegetable sections, is to be kept quite wet on

the surface by spirits of wine. These sections are made in every

part of the cord, from the cauda equina to the pons varolii. The

state of the cord when examined is of considerable importance.

The examination is made most satisfactorily on the spinal cord of

an animal, a calf, or dog, for instance, just killed, the delay of a

few hours causing considerable changes ; but for an extended

inquiry like this, it is necessary to have parts always ready, and

they are thus prepared :
—

" I place," says Dr. Stilling, " a fresh

spinal cord and medulla oblongata, as they are taken from the

body, in weak spirit, and allow them to remain in it twenty-four

hours ; then I pour off the spirit, and place fresh but stronger

spirit on the parts, which after two or three days is again poured

off, and then the strongest rectified spirit is used ; the specimens

being allowed to remain in it from four to eight days, acquire by

degrees such hardness as to allow of the finest sections being made.

The sections being provided (if from a recent cord) are then to be

extended by means of a compressorium, differing in some respects

from the instrument usually employed. Low powers are best

adapted for the examination ; a lens of two-inch focus being first

used, and then others of higher power."

—

From the Lancet,

Oct. 1th, 1843.
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" We cannot, however, refuse to bestow a warm commendation
on the manner in which Mr. Jones has executed his arduous task

;

the present manual affords the best general outline of .the Animal
Kingdom that we are acquainted with—it is neither too prolix,

nor too concise. The ascertained facts connected with the ana-

tomical structure of animals are collected from every available

source, and arranged in lucid order; and the letter-press is illus-

trated with more than three-hundred wood-cuts, which will bear

comparison for beauty and accuracy with the best specimens of

the art, even in its present perfect state."

—

Provincial Medical and
Surgical Journal.

" Professor Jones has collected his materials from the most
authentic sources, judiciously selected those best adapted to his

purpose, and arranged and combined them in a manner that ex-

hibits a thorough acquaintance v/ith the principles as well as

with the details of his subject. We can recommend this admi-
rable work to our readers as adapted more than any other with

which we are acquainted, to furnish them with a competent
knowledge of the principal types of conformation encountered in

the study of the animal kingdom. The wood engravings are be-

yond all praise."

—

British and Foreign Medical Review.

" But in. Professor Jones's beautifully illustrated volume now
before us, comparative anatomy, in a certain sense, is brought up
to the present time, and contains an accurate, judicious, and inte-

resting account of the structure of the lower animals—such an
account, indeed, as will prove most acceptable and useful to the
student of natural history and comparative anatomy. It has
already become the class book for comparative anatomy in some
of our universities."

—

Professor Jameson's Journal.



" These isolated extracts cannot convey any thing like a just

idea of the merits of this work. It is entitled to the high charac-
ter of being the first complete systematic treatise on comparative
anatomy published in the English language. It is in all respects

executed with great ability, and may be confidently recommended
as a standard work in this branch of science. The peculiar merit
of the volume of Mr. Jones, however, is, that it forms an excellent

manual and guide to the student, and as such ought to be on the
table of every one engaged in the study of the physiological

sciences."

—

Edinburgh Medical and Surgical Journal.

" We are convinced that no work will have tended more to dif-

fuse a love of zoological science and comparative anatom.y in the

country than that before us; and we feel called upon to express

most decidedly our sense of the obligations which its learned au-

thor has conferred upon the English public, by placing before the

lovers of natural history so large and valuable a collection of ma-
terials. We have never seen more perfect specimens of wood
engravings than many of the illustrations of the present work.
This difficult task could not have fallen into better hands."

—

An-
nals and Magazine of Natural History.

" Professor Jones has treated his subject in such a manner, that

his work may be consulted by those who do not possess any pre-

vious knowledge of the science. * * * In the mean time we may
state—and we do so without detracting fi'om the merits of Dr.

Grant's work—that the General Outline of the Animal Kingdom,
is, in our opinion, the best work of the kind in any language, and
does infinite credit to Professor Jones. The well known cautious

spirit of its author, the judicious selection of its materials, the

just proportion of its various parts, and the admirable and highly

illustrative wood-cuts, which are so liberally interspersed through

it, render this work altogether indispensable to the physiological

student, if he wishes to study the science as it ought to be studied,

and to be able to steer clear of the many fallacies which still obsti-

nately cling to the majority of its cultivators."

—

Edinburgh Monthly
Journal of Medical Science.

" Altogether the work is a highly meritorious one, and should

be in the possession of every medical man who wishes to keep

pace with the current knowledge of the department of zoology."

—

Johnson's Medico- Chirurgical Revieiv.
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